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autorijde 
: Ül Het antwoord op die vraag hangt af 
um 
mo ei k van het tempo waarin autowegen worden 
3 gebouwd. In 1958 waren er in ons land 


il 850.000 bromfietsen, 190.000 motorrijwielen 

hlijven en scooters en 410.000 personenauto'’s. 

Voor 1970 schatten deskundigen deze aan- 

= tallen op respectievelijk 1.900.000, 300.000 
in Nederland 2 en 785.000. Maar er zijn ook schattingen 
7 ; " (deskundige!) die voor 1970 het aantal 
personenauto’s op 1.500.000 voorspellen, 


“ MM De schattingen mogen uiteenlopen, een 
ding staat vast: de groei van het verkeer 
zal enorm zijn en alleen aanleg in enorm 
tempo van autosnelwegen kan een chaos 
afwenden. Voor een veilige autosnelweg 
gaat niets boven beton. Beton is sterk, 
stroef, licht van kleur. Voor wegen-beton is 


Cemij het aangewezen cement. 


Hl Cemij-cement: goed voor het grootste 
miljoenenwerk, goed voor het kleinste huis. 
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I. INTRODUCTION 


During 1958 and the first half of 1959 further 
investigations of Mesozoic rocks from the tin- 
province in Indonesia, of early-Palaeozoic rocks 
from Lausitz (East Germany), and late-Pre- 
cambrian rocks from Nigeria and Egypt were 
made. 


In addition pyrochlore from Panda Hill, Tanga- 
nyika, of which we received large samples from 
the Billion Tin Co. has been analysed, and 
PbS preparations have been investigated in the 
massspectrometer in order to obtain experience 
in handling this mineral for the purpose of age 
determinations before analysing the rather small 
samples from Gharib granite (Egypt). 


Prof. Houtermans (Berne) analysed the follow- 
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ing PbS samples: zircon from Singkep, Nigeria, 
and Gharib, orthite from Egypt, and thorite from 
Nigeria. 

Prof. Kistemaker (Amsterdam) joined our 
team and investigated galena samples from the 
above-mentioned regions and also some PbS 
preparations from zitcon and pyrochlore. 

Dr. D. F. Dance (Harwell) kindly assisted us 

in analysing three PbS samples of: 
(1) Lausitz zircon (containing some corundum), 
(2) Lausitz zircon, dark zircon = 40 %, washed, 
(3) Lausitz zircon, extracted Pb by washing with 
10% HC1 from (2). 

Till the middle of 1958 we had the financial 
support of Z.W.O., Netherlands organization for 
fundamental research, for which we have been 
very grateful. 

In the Third Preliminary Note (Schürmann et 
al, 1957) the literature consulted is mentioned 
on page 413. The new tabies for the calculation 
of lead isotope ages have been used (Stieff et. al., 
1959). 

I. GALENA SAMPLES FROM LAUSITZ, 
BILLITON, NIGERIA AND EGYPT!2 

(1) Average galena atom percentages (anal. A. 
J. H. Boerboom). 

Gheig, Ranga, Anz, and Bahar (Egypt) in Miocene on 


Red Sea Coast: 
206/204 207/204 208/204 (negative!) 


19.10 15.70 38.95 ca. - 240 m.y. 
Fowakhir (Egypt) in Pre-cambriam Qusseir-Qenah road: 
17.91 15.62 37.67 550 m.y. 
Klunst, Lausitz (East Germany): 
Bonn 18.08 1977 38.67) 600 m.y. 
Amsterdam 
(dec. ’59) 17.90 15.66 38.25) 
Berne Standard 
”Meggen B” 18.38 15.67 38.48 320 m.y. 


(2) Preliminary age determinations of Miocene 
Red Sea Coast galenas (anal. A. J. H. Boerboom) 
204 206 207 208 


Gheig 1.332 25.64 20.937524 
ß 1.33 25.76 21.05 51.86 
Ranga 1,33.22527.023718 252209 
Anz 1.23 25930 20:937792.90 
Bahar 1350.25:506.20:938132228° 
Average 1.34.5925 54.02 1.015212 

206 207 


304 19.06 304° 15.68 Model age — 240 m.y. 


(3) Mesozoic galenas from Billiton, Indonesia. 
Amsterdam 204, 77:206 7207287208 


No. 18 Billiton Raja 1.357 2300. 72141905243 
No. 19 Billiton ! 
Gerumelang 1.35 25.022 21.12 52.25 
No. 20 Billiton Deep 
mine Kelapa Kampit 1.33 25.49 20.90 52.28 
Average 1.340 25.19 21.06 52.32 


12 In this preliminary note no attempt has been made 
to evaluate tie various errors, 


For comparison: 
No. 17 Rawas Galena, 


South Sumatra 1.352 25.03 21.29 52.34 


ger 206 207 
Billiton average Sng— 18.80 204” yo 


No. 18 + 19 ca. 135 m.y. Model age — 18 m.y. 


No. 20 ca.— 260 m.y. 
Galena from Rawas, Palembang 
206 207 
South Sumatra 304° 18.54 208° 15.77 


Model age 280 m.y. 


This Rawas galena is probably from older 
rocks, anyhow from a different tectonical unit 
than Billiton. 

According to the Collins, Russels, Farquar dia- 
gram all Red Sea Coast galena samples are less 
than 250 million years old, and according to the 
Houtermans a-ß diagram for common lead: 


Meggen is about 320 my. 
Klunst, Lausitz, is abovuü 600 m.y. 
Fowakhir, Egypt, is about 550 m.y. 


Miocene, Red Sea Coast, below zero (— 240 m.y.) 


lying on Stanton and Russels line Pb 208/Pb 


204 and Pb 206/Pb 204 of anomalous vein 
leads (Stanton, 1959). 


Billiton galena shows also two samples from 
different localities with a positive age, whilst a 
sample from a third locality (outcrop of deep 
mine Kelapa Kampit) shows a negative age. 


Therefore a probability does exist that the age 
of the galena of the Fowakhir Mine (a gold 
quartz vein in Upper Precambrian rocks) is in- 
deed greater than the age of the galena of the 
mines of the Red Sea Coast in Miocene rocks, 
and that two different galenas in the Eastern 
Desert of Egypt do exist. 


Geologically the galena on the Red Sea Coast, 
which has been followed over a distance of 150 
km, occurs sometimes with sphalerite in irreg- 
ular deposits in various upper Tertiary sediments. 


The samples have been taken near the surface, 
therefore losses by leaching are not excluded. 


These sediments are situated only a few km off 
the Pre-cambrian outcrops, from which they are 
separated by an important fault line running par- 
allel to the Red Sea Coast. 

Attention should be paid to the fact that Bonn 
(Schürmann et al., 1957) calculated a positive 
age (105 = 50 my.) of a Billiton galena from 
Raja; Amsterdam ca. 135 m.y. We are expecting 
a check by Berne. 


III. CHEMICAL ANALYSIS OF TWO 
PYROCHLORE SAMPLES FROM PANDA HILL, 
TANGANYIKA 

1, Introduction 


These samples greatly differed from each other 
as regards content of thorium and uranium. In 


a ur 


the case of pyrochlore 1 it was possible to deter- 
mine the thorium content gravimetrically; pyro- 
chlore 2, on the other hand, contained so little 
thorium that only a colorimetric method could 
be used on it. In consequence, a different method 
was applied to each sample in order to separate 
the thorium from them. 

Pyrochlore is a niobate of calcium, titanium, 
thorium and elements of the cerium group. 
Fluorine is also found in it. The samples were 
ground to —325 mesh (0.044 mm.), and ana- 
lyzed in that state. They had not been subjected 
to any chemical pretreatinent. Decomposition of 
the mineral presented no difficulties; it can be 
achieved by treatment with HF and HCIO,. 
Many niobium componds are insoluble; the 
fluoride is an exception to this rule. 


As far as was possible, all the chemicals used 
were of Analar or Merck A.R. quality. The 
chemicals for the determination of lead were 
purified from lead, as far as was possible. Unless 
otherwise stated, all mineral acids and ammonia 
were applied in concentrated form, i.e. in the 
case of HNO;, 15N; HCl, 12N; H,S0,, 36N; 
HC1O,, 60%; HF, 40%; and NH,OH, 12N. 
Double-distilled water was always used. 


2, Pyrochlore 1 ("Museum Zone”, Panda Hill, 
Tanganyika). 


Determination of lead. Method 1. — 100 mg 
of pyrochlore was evaporated to dryness with 
2 ml. of HF in a platinum crucible on the water 
bath. The residue was decomposed with 2 x 1% 
ml. of HC1O,. After evaporation to dryness, the 
residue was dissolved in 5 ml..of water and 3 ml. 
oft HF, filtered off (Whatman No. 542 filter 
paper), and washed with 20 % HF. The lead in 
the precipitate and filtrate was determined in 
the manner previously mentioned (Sandell, 1944, 


p: 289). 


Determination of lead, Method 2. — Here the 
lead was polarographically determined (Mayer 
1956). In the way described under Method 1, 
200 mg of pyrochlore was decomposed and, after 
having been dissolved in 6 ml. of HF and 10 ml. 
of water, was filtered. The lead was extracted 
from the filtrate and the precipitate in the 
usual manner, with dithizone. The combined 
dithizone extract was washed with 20 ml. 
of water to remove ammonia residues. The lead 
was then extracted from the dithizone with 3 x 
5 ml. of 0.2N HNO,. The lead nitrate thus ob- 
tained was evaporated to dryness in a 5O-ml. 
glass beaker. The residue was dissolved in 5 ml. 
of electrolyte solution consisting of 0,IN KCI, 
0.IN HCl and 0.01 % gelatine. The measure- 
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ments were carried out with a polarograph of the 
PO,h Radiometer type. Calibration current con- 
stant & = 533 x 10710 with the amplifier 
sensitivity switch set at 50. The tesults were 
compared with a calibration curve according to 
i= kxmı X mM» x a, the strength of current i 
being plotted against the number of mg lead/ml. 
electrolyte. 

The calibration curve was determined by 
means of a standard lead solution containing 
06.44 mg of lead nitrate per 100 ml. The content 
was determined as lead iodate by microgravi- 
metric means. 

In applying both methods 1 and 2, a blank 
determination was carried out in order to ascer- 
tain the lead content of the chemicals used. This 
lead content was incorporated in the reported 
results. 


Determination of thorium, Method 1, — In a 
platinum crucible, 200 mg of pyrochlore was 
decomposed with HF and HCIO,. The residue 
was dissolved in 15 ml. of 10% HF, filtered off 
(Whatman No. 542 filter paper) and washed 
with 2 x 2 ml. of 10% HF. The filtrate (A) 
was put aside for the uranium determination. 
Filter and precipitate were evaporated to dryness 
in a 150-ml. glass beaker with 6 mi. of HNO, 
and 3 ml. of HC1O,, and then transferred to a 
platinum crucible, after which precipitation was 
repeated in order to remove occluded uranium 
and niobium that had also been precipitated. The 
filtrate was then added to filtrate A. 


The precipitate contained the thorium and the 
rare earths. The thorium was extracted from the 
precipitate with mesityl oxide (Levine, 1954), 
and afterwards colorimetrically determined with 
thorine (Thomason, 1949) in a Unicam SP 500 
at 545 mu against a blank determination of 
thorine. If the quantity of thorium is too much 
for a good colorimetric determination, the 
thorium precipitate can first be dissolved in 
HC1 and transferred with water into a 50-ml. 
volumetric flask. From this, measurable quantities 
can be pipetted off for colorimetric determi- 
nation. 


Determination of uranium, Method 1. — The 
two filtrates (A) were evaporated to dryness in 
a platinum dish, and the residue dissolved in 
1 ml. of HNO, and transferred wich water into 
a 150-ml. glass beaker. After evaporation to 
dryness with Y ml. of fuming nitric acid, the 
residue was dissolved in 4 ml. of HNO, and 
6 ml. of water. A chromatographic column 
(Wild, 1956) was prepared with a mixture of 
40-50 ml. of 5% HNO, in ether, 6 g. of cellu- 
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lose powder (Whatman), and 6 g of AlsO; 
(B.D.H. for chromatographic adsorption analysis). 
The column was eluted with a mixture of 50 ml. 
of HNO, in ether. To the beaker containing 
the uranium, 25 ml. of HNO, in ether 
were added, together with 5 g of cellulose 
powder. The resulting pulp was transferred by 
degrees to the column and compacted. The 
column was then eluted with a mixture of 100 
ml. of HNO, and ether, and the eluate collected 
in a 200-ml. Erlenmeyer flask in which 15 ml. 
of water had been placed. The eluate was evapo- 
rated on the water bath until nitrous fumes arose, 
when the residual liquid was transferred to a 
50-ml. beaker, 1 ml. of HC1O, was added, 
and the whole evaporated. Towards the end, 
2 x 2 ml. of HNO, were added and evaporated 
to dryness, after which the uranium was de- 
termined polarographically. 

For this purpose, Legge’s method was first 
applied (Legge, 1954). No satisfactory result was 
obtained with this. The electrolyte solution, in 
which oxalic acid was used, crystallized out 
within less than 24 hours. Moreover, a residual 
current arose which could not be measured and 
as a result of which the polarogram became in- 
distinct. The oxalic acid in the electrolyte was 
therefore replaced by methyl: oxalate. With a 
freshly prepared solution, the uranium polaro- 
grams could easily be measured, EI) — 0.22 V. 


Accordingly, the composition of the electrolyte 
was changed to the following: 0.4M methyl 
oxalate, 0.1M KCi and 0.1M HCl. Since pyro- 
chlore 1 contained very little uranium, measure- 
ments were performed by means of an internal 
standard (20 y /ml.). The measuring liquid 
consisted of 5 ml. of electrolyte + uranium 
standard, 5 dr. of H,SO, and 2 dr. of 1% 
gelatine solution. In the course of the exami- 
nation, Shalgosky's method was adopted for the 
polarographic determination (see pyrochlore 2). 


Determination of Ihorium, Method 2. — In 
a large platinum crucible, 500 mg of pyrochlore 
was decomposed with HF and HCIO,. The 
residue was dissolved in about 40 ml. of 10% 
HF and filtered off (Whatman filter paper No. 
542). After washing with 10% HE, filter and 
Precipitate were evaporated to dryness with 6 ml. 
of HNO, and 3 ml. of HC10, in a 150-ml. 
glass beaker, after which precipitation and 
filtering were repeated. The precipitate contained 
the thorium; the combined filtrates were reserved 
for the uranium determination. The residue 
remaining after evaporation to dryness .of filter 
+ precipitate with HNO, and HCIO, was dis- 


solved in 1 ml. of HCl + 40 ml. of water. After 
addition of 1% ml. of H,»Os, and boiling, the 
mixture was cooled, the pH adjusted to 0.6 with 
NH,OH, and the thorium, together with the 
rare earths and calcıum, was precipitated with 
methyl oxalate and oxalic acid (Willard, 1948). 
Filter and precipitate were evaporated to dryness 
with 6 ml. of HNO, + 3 ml. of HCIO,. After 
further evaporation to dryness with 1 ml. ot 
HCl, the residue was dissolved in 1 ml. ot HCl 
and 30 ml. of water, 3 dr. of H,O, was added 
and the whole boiled. After cooling, thorium 
was precipitated with oxine (Gordon, 1949; Kall, 
1953), and finally weighed as ThO,. It is usually 
necessary to dissolve the thorium-oxine precipi- 
tate afresh. Any residue of the decomposition 
which may be present accompanies the thorium, 
but is held back when the first oxine precipitate 
is redissolved. Any cerium precipitated remains 
in solution when precipitation with oxine takes 
place for the second time. The ignited ThO, 
must look completely white. 

Determination of uranium, Method 2. — The 
two filtrates from the thorium determination 
were evaporated to dryness with 2 ml. of HNO,. 
The residue was dissolved in 2 ml. of HNO, + 
water, heated and centrifuged. After decantation 
of the liquid, the residue was heated twice more, 
with 1 ml. of HNO, and water, and centrifuged. 
The centrifugates were evaporated to dryness, 
aiter which an ether extraction from a saturated 
NH,NO; solution in 10% HNO, was applied. 
The ether extract was evaporated to dtyness, 
dissolved in 1 ml. of HNO, +- water, filtered 
into a 25-ml. glass beaker, 1% ml. of H,SOy 
added, and the whole evaporated to SO., vapours. 
The uranium was then colorimetricaliy deter- 
mined with ammonium rhodanide acetone at 375 
and 360 mu (Eswaranarayana, 1954). 

3. Pyrochlore 2 (Chloritic Sands, Panda Hill, 
Tanganyika). e 

Determination of lead. — See methods for 
pyrochlore 1. In this case it was possible to take 
100 mg of pyrochlore as basis for the polaro- 
graphic determination of lead, because the lead 
content of the sample was greater. 

Determination of thorium, Method 1. — See 
method 1 for pyrochlore 1. In order to precipi- 
tate the thorium completely, lanthanum nitrate 


'was added as collector. (Approximately 10 mg of 


lanthanum per determination.) In the extraction 
with mesityl oxide, the lanthanum remained 
behind in the water phase. 

Determination of uranium, Method 1. — The 
filtrates collected from the separation of thorium 
were evaporated to dryness, after which the 


uranium was processed further according to 
method 2 for pyrochiore 1. A quantity of 200 mg 
of pyrochlore was sufficient for the analysis. 


Determination of thorium, Method 2. — 100 
mg of pyrochlore was decomposed in the usual 
way with HF and HC1O,. The residue was dis- 
solved in 1 ml. of HNO, and 4 ml. of water. 


This liquid was subjected to chromatographic 
separation, use being made of a chromatographic 
column whose dimensions are given in the article 
by Wild (1956). The column was prepared with 
a mixture of 5% HNO,, and ether, and provided 
first wich a layer of 5 cm of cellulose and then 
2 cm of AlsO, powder. The thorium-uranium 
solution was mixed with 5 g of cellulose powder, 
transferred to the column and compacted. The 
uranium was eluted with 100 ml. of 5% HNO, 
and ether mixture, the eluate being coilected in 
a 200-ml. Erlenmeyer flask containing 15 ml. of 
water (A). After this the pulp was beaten up 
and the thorium eluted with 100 mi. of 12% % 
HNO, and ether mixture. The eluate was col- 
lected in a 250-ml. Erlenmeyer flask containing 
25 ml. of water. The elution time was 30 minutes 
in each case. The either was evaporated on a 
water bath until nitrous fumes escaped, after 
which evaporation to dryness was finally carried 
out with HCIO, until all organic remains had 
disappeared. The residue was dissolved in HCl 
and water, and thorium was determined with 
thorine in the usual manner. 


Determination of uranium, Method 2. — The 
uranium eluate (A) was evaporated to dryness 
with HsSO, and HCIO,. According to Shal- 
gosky (1956), excessive evaporation to dryness 
produces too low results. By means of standard 
solutions it was found that this trouble does not 
arise if the solution is evaporated just to dryness. 


The solution was therefore evaporated just to 
dryness with H>sSO,, and dissolved in 1 ml. of 
HCIO,, after which the uranium was determined 
polarographically. The liquid was transferred to 
a 10-ml. volumetric flask. One ml. of electrolyte 
solution was added, and after two minutes 2 ml. of 
5M HsSO, was added and the flask filled to 
the mark with water from the original 50-ml. 
beaker. E % = 0.22 V. The electrolyte so- 
lution consisted of a solution of 12 g of sodium 
tartrate (NaaC, H,O, 2 aq.) and 0.293 g of 
NaCl in water, to which 10 ml. of peptone 
solution in water was added (0.1 % peptone with 
0.2% phenol). The whole was topped up to 
100 mi. The results were compared with a 
calibration curve made by means of a standard 
uranium solution. 
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Sample % lead % thorium % uranium 
Pyrochl. 1 0.081 1.60 0.022 
0.099 0.710 0.311 


Pyrochl. 2 


Note: Four to six determinations were performed 
according to each of the methods described above, and 
hence eight to twelve results were available in all. 

4. Making the lead preparations from pyrochlore 
1 and 2. 

2.5 g of pyrochlore was decomposed with 5 ml. 
ob EIEFT7Am]. OSHGIOR, and’ I ml. of HNO,, 
in a platinum crucible. The residue was dissolved 
in 30 ml. of HF and 90 ml. of water. After 
standing over night, the solution was filtered 
off (Whatman filter paper No. 542) and washed 
with 10% HF. The filter ‚with the precipitate 
was evaporated to drynes in a 250-ml. 
beaker with 6 ml. of HNO, and 3 ml, of HCIO,. 


The residue was then dissolved in 3 ml. of 
HNO, and 100 ml. of water, heated and cen- 
trifuged. 25 ml. of 20 % ammonium citrate was 
added to the centrifugate, after which the pH 
was adjusted to 8 and 15 ml. of 10% KCN 
solution added. The whole was then extracted 
with a solution of dithizone in chloroform. In 
all, 12.5 g of pyrochlore was used for the lead 
preparation. The combined HF filtrates were 
evaporated in a large platinum dish, diluted 
with water, after which 30 mg of AgNO, was 
added and the pH adjusted to 3 by means of 
ammonia. 


PbS was precipitated by introducing H»S. 
After filtering and washing, the filter with the 
precipitate was evaporated to dryness in a 150- 
ml. beaker with 6 ml. of HNO, and 3 ml. 
of HCIO,, and the residue dissolved in 1 ml. of 
HNO, and 50 ml. of water. After addition of 
25 ml. of ammonium citrate solution and 25 ml. 
of KCN solution, the pH was adjusted to 8.5 
and the lead extracted with dithizone. The dithi- 
zone extracts were stripped with 0.5N HCl and 
the lead precipitated therefrom with H3aS. (If the 
nıinerals are contaminated with thallium or 
bismuth, these elements will be found in the 
PS, and this will cause difficulties in the spectro- 
metric examination. They must therefore be 
removed, as far as is possible. Bismuth can be 
extracted in an acid medium by means of dithi- 
zone. (PH 2.8 - 3). The lead remains in the 
water phase. Thallium is extracted along with 
lead in an ammoniacal medium. However, it 
decomposes on being shaken out with a 0.5 % 
KCN solution. The lead dithizonate is not ad- 
verseley affected by this (Sandell, 1944, p. 289). 


'Thallium also remains in solution when the lead 


OB 


is precipitated with Has, Ie is, however, easily 
entrained, and hence it is necowary 10 dissolve 
und re-precipimte he Ph6 several times.) 


IV, MASSSPRCTROMETRIC ANALKHIS OR 
PYROCHLORE AND AGD GALLULATIONG 


Il, Analytieal resulis 
Pyrochlore Panda Hill, Tanganyıka 

Museum Zine (Goll, Billion Tin Go) 

Chem, anal; Delfe Ph 0,08: U 0,0225 Th 1,00 

No, #60 Amsterdam 204 206 207 
117 218% 3832 

Chlarive Zone (Gelk, Williton Tin Go) 

Chem. anal, Delle: Ph 0,000: U 03115 Th 0,710, 

Na. #50 Amsterdam 


208 
54,6% 


26AT 20417 92.09 


Gortectlon gulenas 
Mibladen 
Nigerla, Mtandard 1,46 
Vorwalhir, Na, # } 

12 avernue 1,305 24.2 

Attention should be drawn 10 the facı chat 
there exists a rent difference in che chemical 
composition ol the pyrochlore from (he varlous 
sones ol Panda HIN, which has been confirmed 
hy third parties, 

As the sumples have been taken from nen 
Ihe surface Teaching effects should be taken Into 
consideratlon, 

2, Summay Panda Kill pyrochlore, 

Mureum Zune 


2446 21,3% 92.42 
a2 24120 9 


41,6% 9247 


Mihladen Nigeria Vowalcir 
Gart, Arandard Kart, 
Cart 
206/24 ae 102 27% 249 MY: 
07/2 u la 206 u 
20/2 u 1%0 151 70% 
Chlarktie kandı une 
206/24N aus /H ul NIMM. 
07/2 0] 192 132 4 
BUR/aE #2 [05 #1 u 


V, MICHABNIGAL BEPARATION OF THR 
GMANTTTE IROM GlbiiL DARA 


l, Introduction 


Wirh che equipment ol che ore-laboratory of 
te "Holland Merallunglische Bedrijven”, Aın- 
hem, two ons ol (his granlte were processed In 
the same way as nlrendy deseribed before In the 
ense of che Lausitz and Gharibsgranites (Ist and 
rel prellminney IioteR tespeetively): The heavy 
iminerals (total up 10 1% kp, produce of erent- 
ment on the alien mble, were separated In five 
magnerle Imerlons, one of these (LO In) consisted 
essentlally ol magneriio and hematite and could 
he discarded. ‘lie others were delivered to the 
weiter for furcher separatlon and ultimate pur» 
fiearlon of ie mllonerive minerals, vis, zircon, 
monnalte and (horn 

Remalalng Ihe minerals from he table 
treatment were First Konto ol wich bromoform, 
fallowed by die sepaniion of apneite and Anorive 


wirh the aid of merhylene iodide, Ihe renuking 


fracrion heavier than 35 (minus che magnerite 


fraction) weighed 90% grams, 

These were run through the Frantz Iodynamic 
separator, first at a current of 0,5 Amps and 15° 
slde slope, when only ore minerals appeared on 
the magnetic side (929 grams), The next sep 
was the separation of che mornazite, which 
turned out 10 be concentrated on the magnetic 
side ar a current ol 0,55 Amps, 10" side slope, 
In his way a rather pure monazitehraction of 
about 20 grams was obtained, 

However, monazite sell remalned in che nom 
magnetic fraction together wich the zireon, Wich 
a current setting, of 0,7 Amps, side slope 19%, 
the bulk of the monazite was found in the 
magnere Irerlon together wich a considerable 
ameınt of zircon, Purther treatment of this 
misture In the magnetic separator was unsucces- 
ful, Ir appeated, however, that after acıd-washing 
a clean + cut separation of the two constiments 
could easily be performed at 059 Amps, 10° 
side slope, (hanks 10 the demagnerizing effect of 
the acid leach on the zircon, A disadvantage of 
this merhod lies In che possibility of a leaching of 
the radioelements from these minerals, which 
makes an age determination of the Teached 
products a precarlous affair, 

The remalning fracrion, non-magnetie at 0,7 
Amps, contains the bulk of the zircon together 
wich che thorlte, pyrite, and rare accessories as 
cassiterite, ttanite and rutile, In the firse place 
pyrite was removed by a toasting process: the 
sample was hented in a quanz eruchhle over a 
Tekluburner; afer cooling che altered pyrite 
could be removed for the greater part wich a 
hand magner and the remainder in (he magnetic 
separntor at 0.19 Amps, 

On the other hand, the separation zircon + 
thorlte presented a problem that could not 
sarlsfacrorily be solved (with Cleriei-solurion ie 
might be done but the unavoldable pollution 
wich TI of the sample prevents an accurate 
JJetermination of the lead Isoropes in the mans 
spectrometer). Magnetic separation of the mixture 
turned out 16 be rather Incomplete; the thorite 
Is only slighely stronger magnetic, #0 that ar 1,2 
Amps che nommagneric fraction (10 grams) 
contalned che  smallest amount of thorite 
(berween I and 9 %). The fracıion berween 0,7 
and 1,2 Amps was divided in three others with 
varying contents of thorite between 9 and 20% 
(toralling about BO ram). 


2. Petrography. j 
Megascopleally the rock is conrsely granular 
and very leueoeratie; ie is almost entirely com- 
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posed of quartz, white and pink feldspars, a dark 
mica occurs only as very sparse little flakes. 

In thin section it is seen to be composed of 
alkali-feldspar, plagioclase, quartz, biotite and 
ore-mineral. The alkali-feldspar is a soda-rich 
inieroperthite in the form of both vein-perthite 
and patch-perthite. The grains are always an- 
hedral, the size is mostly between 3 and 5 mm. 
The orthoclase-component is heavily kaolinized 
and presents a striking difference with the fairly 
fresh appearance of the albite. 

The perthite is seen to replace quartz in 
several places. 

The plagioclase occurs in crystals that 
are anhedral or nearly so, in general the grain- 
size does not exceed 2.5 mm. The composition is 
that of a soda-rich oligoclase (Any>). It is 
polysynthetically twinned with fine lamellae 
according to the albite- and perikline-laws. The 
larger grains show sericitized cores. Not un- 
commonly one may notice myrmekitic inter- 
growth of the plagioclase with minute quartz- 
vermicules. 

Quartz forms large crystals occupying 
irregular spaces between the other constituents. 


. There are no signs of undulatory extinction to 
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be seen. 

Biotite occurs as rather small flakes that 
are frequently partially altered into a chlorite. 
As accessories one finds idiomorphic grains of 
zircon in the feldspar and ore minerals, 
mainly represented by hematite or hematitiz- 
ed magnetite. 

Besides these, examination of the heavy 
fractions showed the presence of the following 
mineral species: fluorite, apatite, titanite, zoisite, 
cassiterite, tourmaline, rutile, monazite, kyanite, 
pyrite and sfalerite. The presence of thorite was 
detected only with the aid of a nuclear emulsion 
plate with the grains strewn on it. 


3. Mineralogical composition 


Mechanical 


3 orm 
analysis = 


Integration 


Quartz 23,6% |Quartz + 

Perthite 54.0 Feldspar 99,1% 28,0 

Plagioclase 21,5 42,5 
Biotite 0,4 

Biotite 0,7 4,6 
Magnetite 

Ores 0,2 |+ Hematite 0,5 0,3 
Zircon 0,004 E 
Fluorite 0,003 
Monazite 0,002 0,1 


0.001 


The chemical analysis of this rock with the calculated 
norm has already been published in the 3rd preliminary 
note, page 407. 


Apatite 
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There is a discrepancy between the figures for 
the biotite- ore ratio according to the results from 
the mechanical analysis on the one side and the 
integration of thin-sections on the other. 

In this case, however, there is no doubt that 
the values for biotite- and ore-content following 
from the mechanical analysis are by far the better 
ones, as they are much less dependent on an 
inhomogeneous distribution of these, relatively 
rare, rock components than in the case of an 
integration of a few thin-sections. 


4. Description of the minerals used for the age 
determination 

Zircon. — The colour of the mineral is deep 
brown that readily bleaches to a light grey-brown 
after a short acid wash. Under the microscope 
there appears to exist no uniformity in character 
of the grains; one may distinguish several types. 


(1) Crystals that are perfectly euhedral, always 
clear and translucent and nearly colourless. They 
are characterized by the normal strong 
birefringence of the mineral and the frequent 
occurrence of other bipyramids besides (111). 


(2) A coloured variety, whereas only a part of 
the erystals shows well-developed faces. In case 
of idiomorphic grains they are always of simple 
habit: prisms terminated by the bipyramid (111). 
The colour is extremely variable and may range 
from yellowish to a very dark brown. Moreover, 
grains of this type are never completely clear and 
translucent, but are rendered turbid either by 
numerous fine cracks, or a regular zoning con- 
gruent with the outlines of idiomorphic grains. 

The birefringence too is rather variable; though 
the majority of these zircons possesses a value for 
N. -N. not much lower than the normal one 
(about 0.04), it is not uncommon to find grains 
that are very weakly birefringent with values 
near 0.01, or even partially isotropic. 


Another noteworthy phenomenon is the 
occurrence of complex crystals composed of a 
core with a fairly high double refraction en- 
veloped by a shell — usually darker in colour — 
that is nearly or wholly isotropic. The indices of 
refraction are showing a corresponding decrease 
in the process of isotropization; the lowest value 
observed for a neatly isotropic grain was 1.81. 

(3) This type is formed by complex crystals, 
produced by secondary growth phenomena. They 
may occur as a pair of grains attached to each 
other with the same crystallographic orientation, 
as grains with simple outgrowths showing an 
entirely different orientation, or as highly compli- 
cated aggregate ctystals with very irregular out- 
lines, formed by the growth of several indi- 
viduals on a central core. 
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Probably the zircons, described above, with a 
core and shell of different optical properties 
belong to this class of secondary grown zircons; 
they could be termed overgrowths. 

Such rimmed zircons have been described before 
a.o. by Poldervaart and Eckelmann (1955) from 
autochthonous granite gneiss from the Beartooth 
Mts., Montana-Wyoming, and by Hoppe (1957) 
from the Lausitz granodiorite. Quite apart from 
the implications these zircons may have on the 
petrogenesis, the fact that the growth of the 
zircon substance has taken place in two separate 
stages has its importänt consequents for age 
determinations on such material. (The possibility 
of the existence of zircon of two ages in the 
Lausitz granodiorite has already been shown 
before in the 2nd preliminary note, page 350). 

(4) Zircons that are identical with those of the 
Ist type, except that these grains are devoid of 
cerystalfaces; they are on the contrary wholly 
rounded and exhibit a worn appearance. They 
resemble in every respect the zircons that are 
transported under sedimentary conditions. They 
represent the least common zitcon-type of this 
rock and are even to be designated as rare. 

An X-ray powder diagram of the zircon- 
fraction as a whole exhibits only a few, weak 
lines, that indicate a rather advanced stage of 
metamictization for the greater. part of the 
crystals. 


Comparing diffraction patterns of this zircon 
those from Nigeria and Gebel Gharib (described 
in 2nd and 3rd preliminary notes respectively), it 
appears that the Gharib-zircon gives a nearly 
identical picture of lines and thus seems to be in 
about the same stage of metamictization as the 
Dara-zircon. 

The zircon from Nigeria, on the other hand, 
gives the normal X-ray diffraction pattern of an 
unaltered zircon. 


Monazite. — This mineral is yellowish brown 
in mass. Under the microscope the grains are 
almost colourless, only the larger ones are brown 
in various shades. Sometimes a coating with 
whitish, opaque material can be observed. 

The majority of the grains are equidimensional 
and without crystal faces. The rare idiomorphic 
grains are either prismatically developed or 
(100) - tablets. The ordinary grain size is about 
0.1 mm, the largest may attain 0.25 mm. Data 
for the refractive indices are; N, = 1.84, 
INK; 

Thorite. — This mineral occurs mostly as com- 
pletely opaque grains, that are yellowish to 
redbrown in reflected light. Occasionally the 
mineral shows crystals of prismatic habit, other- 
wise the grains are of irregular shape. The 


birefringence is very weak (about 0.01), the 
index of refraction lies near 1.74. 


VI. MASSSPECTROMETRIC ANALYSIS OF PbS 
AND AGES OF MONAZITE FROM NIGERIA AND 
GEBEL DARA, EGYPT (BOTH YOUNG _PRE- 
CAMBRIAN) AND OF XENOTIME FROM 
SINGKEP (MESOZOIC AGE) 


Dr. A. J. H. Boerboom investigated 2 monazite 
and 1 xenotime sample with the following results: 


Amsterdam No. 204 206 207 208 
Monazite 

Nigeria 3 0.117. +16:457727792.80:65 
G. Dara, Egypt 14 0.318 12.88 5.48 81.33 
Xenotime 

Singkep 4 0.876 40.19 15.08 43.85 


As correction of the Dara monazite galena 
from Fowakhir (Young Pre-Cambrian) was 
chosen. The table below gives the preliminary age 
determinations which show that the Dara 


mionazite is very probable or Young Pre-Cambrian 


age or even Cambrian. When using as correction 
the average composition of the Red Sea Coast 
galenas the age is about the same. 


The xenotime age of about 140 m.y. is in 
fairly good agreement with other age determi- 
tions from other Singkep minerals. A lower 
Mesozoic age is acceptable. 


The age determinations of the Nigeria monazite 
+ 400 my. from placer deposits are still 
doubtful, and further work should be done. 


Monazite Gebel Dara Egypt 


Chem. anal. Delft: Pb 0.197; U 0.324; Th 6.26. 
Amsterdam 12.59 


204 206 207 208 

0.318 12.88 5.48 81.33 

=cort. 0518.46.05 5.08. 2712:56 
0 6.83 0.40 68.77 


Corr. average Red Sea 
Coast Galena 


0.318:1.34= 0.237 204 1.32 2.0.237. = 0318 
20622. 0237250605 
20ER 023050 
208880522157 . 0237 =124506 
206/238 = 307 m.y. 
207/235 = 339 my. 
208/232 —= 493 m.y. 
204 206 207 208 
0.318 12.88 5.48 81.33 
-zcots. 20.318, 5.58 4,97 12:00 
0) 7.30 0.51 69.33 
Corr. Galena Fowakhir 
2020,1.385) 023 =m03185 
206 24.248 . 0.23 = 5.5770 
207821.625 , 023 E 49737 
208992.185 ,023°=#1220025 
206/238 = 330 my. , 
207/235. = Al5 my 
208/232 = 495 my. 


Monazite Nigeria 
Chem. anal. Delft: Pb 0.078; U 0.217; Th 5.025. 
Amsterdam 12.59 


0.117 1645 2.79 80.65 
-stort. 20.117 7 2.08-7,1.83:; 4,56 
0 1437 096 76.09 


0.117 :1.362.= 0.086 
Corr. Nigeria Galena Standard; 


Amsterdam 

204 1.362 . 0.086 = 0.117 

20672 24.220,..0:086 = 2.08 

2.070021232:50:086 = 11.828 

208 53.14  .. 0.086 = 4.565 
206/238 = 380 m;y. 
207/235 = 458 my. 
208/232 = 269 my. 

204 206 207 208 

0.117 16.45 2.79 _ 80.65 

- cort. 0.117 2.06 1.81 4.40 

(0) 14.39 0.98 76.25 

Corr. Nigeria Galena from 
granite; Bonn 

204 1.396 . 0.084 = 0.117 

206 24.58 . 0.084 = 2.065 

2.07.021°539210:084 = 1:808 

208 5235 . 0.084 = 4.40 

; 0.117 :1.396 = 0.084 
206/238 = 395 my. 
207/235 = 461 my. 
208/232 = 271 my. 


Xenotime Singkep 
Chem. anal. Delft Pb 0.040; U 0.502; Th 0.982. 
Amsterdam 12.59. 


204 206 207 208 
0.876 40.19 15.08 43.85 
-cort. 0,876 .16.47.. 13.78. . 33.62 
0 23.72 1302210.25 

Corr. average 3 Galena 

tinprovince 

204 1.340 . 0.654 = 0.876 
206 25.19 . 0.654 = 16.474 
2072.21.06. 0.654 — 13.775 
208510412,2.0.6547 33.622 


0.876:1.340 = 0.654 
206/238 = 142 my. 
207/235 = 158 my. 
208/232 = 96 myy. 


VII. PbS MASSSPECTROMETRIC ANALYSIS 
OF LAUSITZ ZIRCON 


Dr. D. F. Dance and Dr. A. H. Turnbull (Har- 
well) investigated three PbS samples of zircon 
from Lausitz; for their help I am most grateful. 


The samples are: 
(a) Pb extract (10% HCl) from zircon, con- 
taining = 40% dark zircon which was con- 
taminated by lead fumes at Arnhem during 


separation. 
204 206 207 208 
1,3612: 0. 021012512, 0:19 214 2E1038752.2 


(b) Average zircon sample (traces of co- 
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rundum), not washed. 85 % dark, 15 % light. 
108420030 592=.03 2.18.16 =8.02 7456 
(ce) Zircon containing = 40% dark zircon, 
washed with HCl. 
1.2022 0.0489 27,8 2=.0417°20.6:== 0.177503 
Sample (a) and (c) (Harwell) are from the 
same material, i.e. from Lausitz zircon containing 
40% dark zircon which was treated at Arnhem 
(contaminated). Sample (a) is the lead extract of 
this contaminated zircon (c) by washing it with 
10% HCl. Sample (c) is the washed zircon with 
40% dark zircon. 


The chemical analysis (Delft) is: 
Sample c, washed (40% dark): Pb 0.140, U 0.080, 
Th 0.085. 
Sample b, (light 15%): Pb 0.045, U 0.075, Th 0.085. 
Sample (b) has not been contaminated by lead 
fumes. It has been milled in Rotterdam and 
contains only traces of corundum. This sample 
has not been washed with 10% HCl before the 
lead preparation, We are busy to prepare a lead 
extract of sample (b) in order to check the figures 
given in the 2nd preliminary note, 1956, page 
326. . 
Zircon Lausitz 40% dark, Harwell, Washed with 
10% HCl 
Chem. Anal. Delft: Pb 0.14%, U 0.080%, Th 0.085 % 
Age in m.y. 


Cortr. Corr. Corr. 
Lausitz Meggen lead 
galena, galena, extract, 
Bonn Bonn A, Bern 
206/238 395 582 518 
207/235 773 1ER 1,111 
208/232 388 394 602 
Corr. Corr. Corr. 
lead lead Lausitz 
extract, extract, galena, 
Harwell Amster- Amster- 
dam dam Estimated 
jun. ’59 dec. ’59 average 
206/238 570 577 653 582 
207/235 1,022 1,037 1,219 1,045 
208/232 680 552 732 558 
Light zircon Lausitz 
Chem. Anal. Delft: 0.0455% Pb, 0.085% Th, 
0.075% U. 
Harwell 
204 206 207 208 
1.08 35.2 18:1.004576 
1.08 19.34 16.93 41.35 Corr. 
0) 15:86. 1.417. ..4.25 
Correction galena Lausitz, Amsterdam (december 1959) 
20281.373.20187 =. 108 
206 24.58 . 0.787 = 19.34 
202 219129.02810-- 16:93 
208 52540 .07872— 41.35 


1.08: 1373 =.0.781 
206/238 age 
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15.86 0.045 

057 x 1.154 = 0.1107 = 683 my. 
207/235 age 

117 0.045 x r 
se LE Zus m mr 
208/232 age 

425. 0.045 & 

— 2 — x 1.125 = 0.0253 = 512 my. 


0.085 . 100 


Zircon Lausitz, preliminary estimate 


40% dark, 859% light, 
washed with 10% HC1 not washed 
Harwell 204 206 207. 208 204 206 207 208 
1.26 27.8 20.6 50.3 1.08 35.2. 18.1 45.6 
Chemical Analysis Chemical Analysis 
Delft Delft 
Pb 0.140% 0.045 % 
U 0.080% 0.075 % 
Th 0.085 %7 0.085 % 
Age m.y. Age my. 
206/238 582 637 
207/235 1,045 666 
208/232 558 429 
207/206 + 2,000 7,700 


At the present stage (extract of lead from light 
zircon Lausitz — not contaminated — is still 
under investigation) I am inclined to consider an 
age of the dark zircon (40% dark) of & 700 
m.y. and an age of the light zircon (85% light) 
of = 500 m.y. as the probable one. 

Assuming that the age of the 100% light 
zircon is about 375 m.y. the age of the dark 
zircon (residual) should be approximately 1,200 
my. 

Assuming 375 my. for the 100% light zircon 
and 1,200 m.y. for the 100% dark zircon the age 
of the 85% light zircon is about 500 m.y. which 
roughly coincides with the above-mentioned 
figures. 

Since the 207/206 ages are about 2,000 m.y. 
for 40% dark zircon and 700 m.y. for the light 
zircon (15% dark) fractions, the ranges for the 
two zircons are: 

208/232 <200/238 < 207/235 <207/206. 

R/A ages of feldspar and biotite from Lausitz 
granodiorite vary from 280-410 m.y. and therefore 
fall in the range of 206/238 of light zircon and 
below 208/232 age of the 40% dark zircon. 

These facts seem to point in the direction that 
the light zircon belongs to the granodioritic 
magma and chat the dark zircon is a residual 
zircon. 


VII. AGES OF ZIRCON FROM SINGKEP, 
GHARIB, AND NIGERIA, ORTHITE OF EGYPT, 
THORITE FROM PLACER DEPOSITS IN NIGERIA 

Dr. H. Stauffer handed to us the following 
definite results of his investigations on zircon 
from Singkep (Mesozoic), Gharib (Pre-cambrian), 


and Nigeria (probably Pre-cambrian), orthite 
(Pre-cambrian) from Egypt, and thorite (probably 
of Pre-cambrian age) from Nigeria, 


208, 207. 206. 207. 
za my. Zzaiamy. Zzginmy. Sogn my. 
Singkep 
zircon a N ee ee — 
Gharib 
zircon 450 =&1207530 = 250.370=825 — 
orthite 880 #550 720 #90 730#+50 700 # 250 
Egypt 
Nigeria 
zircon 170137 20 #350 240 #720 — 
Nigeria 
thorite are 42 45 43 +4 -- 


While the zircon ages from Singkep and 
Gharib agree in broad lines with the ages ob- 
tained from monazite, the ages of the Nigerian 
zircon and thorite do give rather surprising 
results. For the time being I believe that the 
discrepancies are partly due to the analyses, but 
partly also to the fact that both minerals from 
Nigeria are from placer deposits and could have 
been subjected to heavy leaching over a very 
long period of time. 


IX. K-A AGES FROM GRANITES FROM 
EGYPT, LAUSITZ, AND BILLITON 

Prof. P. M. Hurley kindly investigated biotite 
from Dara granite, Wadi Hawashia granite, Lau- 
sitz granite, and Billiton granite (Hurley, 1958). 

All these granites belong to the series from 
which isolated radioactive minerals have been 
investigated by us or are in the process of being 
analysed: 


%K A#0/K#0 Agem.y. 
B 3610 Billiton, Indonesia 4.18 0.0111 180 +5 
B 3612 Lausitz E. Germany 6.86 0.0266 408 & 10 
B 3611 G. Dara, Egypt 5.94 0.0406 600 #15 
B 3611 Wadi Hawashia, Egypt 

5.8 620 


The results of the investigation of Billiton 
biotite agree quite well with the figures obtained 
from other minerals from the same rock. The 
biotite of Lausitz shows a somewhat greater age 
of other minerals. The biotite from Egypt is from 
two locations (Gebel Dara and Wadi Hawashia). 
Both are also geologically of about the same age 
and older than the Gharib granite. 

In the third preliminary note the results 
(K#0/A#0) obtained by P. Schmidlin et al. 
(Phys. Institute Freiburg i.Br.) have been published 
on the ages of feldspar from granite, samples 


-from: 


Pegmatite, Egypt 

Riebeckite granite, Gharib, Egypt 
Granite, Lausitz E. Germany 
Granite, Billiton, Indonesia 


+302 + 10% my. 
+ 483 » 
De 292 on 
a RC 0 

In broad lines there is some agreement with 
the ages based on mica and other radioactive 


w 


minerals from the same rocks, but further analy- 
ses, also by Rb/Sr method, are necessary and are 
in preparation. 


X. a-ß-y-COUNTING RESULTS 
Prof. A. H. W. Aten (Amsterdam) kindly 
investigated some of our samples in a- and ß- 
counters, and G. Couwenberg in a y scintillation- 
spectrometer, Delft. 
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the U and Th content of our minerals. The results 
obtained with the y-scintillation-spectrometer are 
better. According to Couwenberg it is possible 
to measure an activity of 0.01% U in samples of 
= 50 mg. In case of both U and Th in the 
sample — and that is the aim of our age determi- 


nations — the limit is at 0.1% U. 


Therefore for the time being the chemical 


The result is that «- and A-counting does not analysis is more reliable thans «- f- and 
provide us with sufficient accurate data regarding y-counting (see table). 
Delft Delft Amsterdam 
chem. anal. y-scintillation a tays pP tays 
spectrometer 
U Th U Th U Th U Th 
Monazite, Singkep 0.264 3.47 0.24 3.53 1.52 8.6 1.07 33 
0.28 3.39 1.43 1) 0.98 4.7 
1.22 6.8 0.86 4.2 
Monazite, Nigeria 0.22 5.02 0.18 5.02 2:2 12.6 1.35 6.7 
Monazite, Lausitz 0.192 2.99 0.37 3.02 1.40 7.9 0.95 4.7 
0.19 2.96 
Zircon, Gharib, Egypt 0.173 0.182 0.27 1.58 0.22 1.09 
Zircon, Lausitz 0.075 0.085 0.22 1.29 0.19 0.95 
0.080 0.085 


XI. SUMMARY AND PROGRAMME 


Several new age determinations, partly as check 
of the methods, partly as the main purpose: the 
Pre-cambrian stratigraphy of Egypt, have been 
done. 

I repeat again: in my opinion in the present 
stage of age determinations based on radioactivity 
of minerals it is essential to establish a sound 
basis by doing age determinations from the 
different minerals of one and the same rock based 
en different methods, namely Pb isotopes 
determinations, K/A and Rb/Sr determinations. 


As soon as new methods have been introduced 
as, for instance, the direct evaporation of lead 
from rock samples, a check should be made by 
analysing the granites of the individual minerals 
which have been investigated by us. Furthermore 
such evaporation tests should be made on minerals 
investigated and analysed by us in detail. 

In the near future the following investigations 
will be done: 

(1) pyrochlore and xenotime from young Pre- 
cambrian granite, Gebel Gharib, Egypt, and 
feldspar from Nigeria; 

(2) zircon from young Pre-cambrian granite, 
Gebel Dara, Egypt; 

(3) a series of about 50 potassium feldspar 
samples from acid igneous rocks from Egypt is 
being investigated for Rb/Sr content; 

(4) a series of about 25 potassium feldspar 
samples has been handed to Dr. G. Edwards, 
Houston, for K#P/A#° determinations. 


A discussion of the geological interpretation 
will not be attempted before-the above-mentioned 
programme has been completed. 


Provistonal age determinations 


Egypt, late Pre-Cambrian 
Feldspar from Um Kheiran allanite-pegmatite 302 m.y. 


Feldspar from Gharib riebeckite-granite 483 m.y. 
Biotite from Dara granite 600 m.y 
Biotite from Hawashia 640 m.y. 
Orthite from Um Kheiran pegmatite 550 m.y. 
Orthite from Um Kheiran (RaD) 720 m;y. 
Gharib zircon 450 m.y 
Monazite from Dara granite 500 m.y. 


Egypt, galena 


In miocene sediments, Red Sea Coast 
Zug el Bahar + —-330 m.y. model age 


Um Gheig + —-300 m.y. model age 
Abu Anz + —250 m.y. model age 
Bir Ranga ++ 30 m.y. model age 


In Pre-cambrian granite, Qosseir-Qenah 
road Fowakhir goldmine 550 m.y. model age 


Nigeria, late Pre-cambrian 


Monazite 345 m.y. 
Thorite 40 m.y. 
„ RaD 105 m.y. 
Zircon 210 m.y 
RAD 150 m.y 
Galena (model age) 660 m.y 
Mesozoic Tin Province, Indonesia 
Feldspar 155 m.y. 
Monazite 140 m.y. 
Zircon 175 my. 
BD) 230 m.y. 
Biotite 180 m.y. 
Galena (model age) (Bonn) Raja 105 m.y. 
Same (Amsterdam) 135 m.y. 
Xenotime 137 my. 
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Lausitz Palaeozoie? granndiorite 


Veldspar 292 my. 
Biorite pleochr, haloes 280 my, 
Biotite (Hurley) AOB my. 
Zireon 300 m.y, 
Manazite 220 my, 
Galena (model age) 600 my. 
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I. INTRODUCTION 


The Recent molluscs of the Mediterranean 
have been studied extensively by a great number 
of malacologists. Special mention may be made 
of the monograph by Bucquoy, Dautzenberg and 
Dollfus (1882—1898) dealing with the littoral 
and neritic molluscs of the Rousillon area, in 
southernmost France, just north of the Spanish 
border. Most of these investigations were made 
on rocky parts of the coasts and the sea floor, 
where little or no sedimentation of inorganic 
sediment takes place. Much less attention was 
paid to depositional areas like that of the Rhöne 
delta, probably because their mollusc life is less 


1 Geologisch Instituut, Melkweg 1, Groningen, 
Netherlands 


varied. From a geological point of view the latter 
ateas are far more interesting, however, In recent 
years a beginning has been made with the bio- 
logical study of the submarine parts of the Rhöne 
delta. Gautier (1956a, 1957) investigated the sur- 
roundings of the mouth of the Grand Rhöne 
distributary and the bay of Fos, where he 
distinguished 9 biocoenoses. A paper by Sartenaer 
(1959) concerns the habits and ecology of the 
gastropod Turritella tricarinata communis and 
the manner of embedding of its dead shells in 
the sediment. The latter study was carried out in 
the bay of Fos with the help of an aqualung. 


The present paper gives some information on 
the general distribution of shells of marine (and 
lagoonal) molluscs in the whole delta area, It is 
mainly based on the analysis of the shell material 
contained in 171 grab samples and 34 core 
samples, taken at 182 different localities. In ad- 
dition, mollusc shells were studied that were 
found washed ashore at or near 8 different places 
on the Rhöne delta beaches. The samples were 
collected in the summer months of 1957 and 
1958 as part of a general sedimentological re- 
search project. The study of the mollusc shell 
distribution constituted in this project an aspecı 
of secondary importance. As a consequence, no 
time could be spent on pre-treatment of the 
samples required for separate analyses of empty 
shells and shells of animals that were living at the 
time of sampling. The mollusc material thus col- 
lected (dead and living specimens together) was 
separated in the laboratory into two fractions 
(0.8—2.5 mm and > 2.5 mm). The coarse 
fraction was studied quantitatively, while the fine 
fraction was analyzed only qualitatively. 


In all, 291 species were identified, Many of 
these are limited to the 6 stations where the 
bottom consists of rock and gravel (south of Fos 
and southeast of Grau du Roi) or to the beaches 
adjoining these rocky parts of the sea floor (bay 
of Fos). The identification of the less common 
species is mostly the work of Dr. C. O, vanı Reg- 
teren Altena, (Rijksmuseum van Natuurlijke 
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Historie, Leiden) whose kind help has been in- 
dispensable to the completion of this study. Dr. 
van Regteren Altena also assisted by checking 
many of the author’s identifications and by com- 
posing the species list in this paper according to 
modern views of nomenclature and systematic 


position. 
The author is furthermore indebted to the Ba- 
taafse Internationale Petroleum Maatschappij 


N.V. (Royal Dutch/Shell group) who sponsored 
the sedimentological investigations and permitted 
the publication of the results mentioned in this 
paper, to Mrs. W. S. S: van der Feen-van Ben- 
them Jutting (Zoölogisch Museum, Amsterdam) 
for various malacological information, to Dr. 
L. Otto (K.N.M.l., de Bilt) for providing data 
on the sea currents in the Rhöne delta area, and 
to Mr. A. H. Bouma for his help in collecting 
the samples. 


I. ENVIRONMENTS AND LITHOLOGY 


I. General remarks 


Before dealing with the malacological analyses 
it is necessary to give a brief summary of the 
sedimentary environments of the recent Rhöne 
delta and their lithology. The chief littoral and 
marine environments may be classified as follows 
(cf. van Straaten, 1959a, 1959b, 1960), see fig. 1: 
(1) salt marshes and lagoons; 

(2) submarine parts of coastal barriers and spits; 


sand beaches; 

bays; 
environments of active foreset deposition; 
shelf areas with recent delta influence; 
erosional environments; 

non-depositional environments. 


(3) 
(4) 
5) 
(6) 
(7) 
(8) 


The composition of the top 5 cm of the bottom 
sediments (terrigenous material) is given in fig. 2. 


Five classes have been distinguished according to 
differences in pelite content: sand, slightly pelitic 
sand, pelitic sand, sandy (and silty) pelite ‚and 
pelite. The determinations are not based on grain 
size analyses, but on the averages of estimates 
made by visual examination of each separate 
layer in core sections. This method may seem 
very inexact, but repeated checkings of the same 
cores yielded only small differences. Moreover, it 
has the advantage of being cheap and quick. Tec 
give an idea of the granulometrical meaning of 


the above classes it may be mentioned that labo- 


ratory analyses of the contents < 16 u in a 
number of samples gave roughly the following 
correlation: 


Sand 1) 0—- 10% <16u 
Slightly peliticsand (3) 10— 30% <16 
Pelitic sand (5) 30— 50% <16u 
Sandy (and silty) pelite (7) 50— 70% <16 
Pelite (9) 70—100% <16 u 


Fig. 2 is based exclusively on the composition 
of the sediment finer than 0.8 mm. The coarser 


Saintes Marıies 
% Bucaen 


IND Areas of non-deposition 


UNE? 
BE Bay platform 5 = Be MaITige Scan sand at or 


Submarine parts of barriers x 


and spits Lagoon anne 


Beach samples 


Fluviomarine environment a 
— Transition area © Grab samples from sea floor 


Shelf with delta influence + 


Core samples from sea floor 


E E Erosional environments 


Fig. 1 — Sedimentological environments of Rhöne delta. 
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material consists at most places? for more than 
90% of mollusc shells and mollusc shell debris. 
The remainder is composed of other organic 
elements, such as the remains of crustaceans, 
echinids, asteroids, serpulids, bryozoans and corals, 
and, at a few stations only, of coarse sand of 
inorganic origin. Fig. 3 gives the distribution of 
the total weights of the fraction 0.8—2.5 mm per 
(very approximately) 1 litre of grab sample ma- 
terial. It follows from the above that this map 
may be considered to give at the same time a 
fair approximation of the distribution of the 
mollusc remains of these size grades, 

It is seen on fig. 3 that this mollusc shell ma- 
terial is most abundant in the area south of the 
coast between the Espiguette and Saintes Maries. 
Here a great part of the shells are broken, and the 
sediment may be called coquina. It occurs only as 
a comparatively thin layer at the surface of more 
normal marine deposits. 

I 


’ 


2. Description of the environments 


The low parts of the coastal plain behind the 
beaches are occupied by salt marshes and lagoons. 
Salt marshes lie most of the time above water, 
Their sediments are composed of very fine 


2 Exceptions are found in a few pelitic samples from 
great depths (60 to 100 metres) where serpulid tubes 
and skeletons of bryozoans occur in greater abundance, 
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grained material, which is at least partly of ma- 
tine origin. It is brought in during occasional 
inundations by the sea and by the lagoon waters. 
Another part is deposited by rivers, when they 
overflow their natural levees during floods. 
The lagoons are usually very shallow .basins. 
Some of them have a permanent connection wich 
the open sea, but others are completely separated 
from it by beach sand accumulations, They are 
mostly filled with brackish water, but evaporation 
and strong winds in offshore directions may cause 
them to run partially or entirely dry for com- 
paratively short periods. Evaporation of the 
lagoon waters may lead to temporary strong, ele- 
vations of the salinity, while addition of fresh 
water by heavy rains or by river floods occasion- 
ally causes important lowerings of the salt content, 


The lagoon sediments are highly varied in 
composition: sands, silts, and pelites in various 
degrees of mixing, and shell material, The later 
often forms separate beds, due to stages of slow 
deposition of inorganic material and/or to 
winnowing out of finer elements by wave turbu- 
lence during storms. In some cases one finds beds 
of coquina close to and on the lagoon shores, 
which are evidently produced by the accumulative 
effect of waves, 

The rates of deposition of inorganic material 
in the lagoons are as a rule fairly low. Most sedi- 
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Fig. 3 — Weights (in grammes) of fraction 0.8—2.5 mm present in 1 litre gram samples. This fraction consists 
at most places for more than 90% of mollusc shell material. 


mentation takes place in the deepest areas, the 
material being derived for a great part by wave 
erosion from the lagoon shores. 


Coastal barriers and spiis are accumulations of 
sand formed by wave action against or along a 
coast. Active prograding of barriers and spits 
occurs where the supply of sand exceeds its re- 
moval. In the Rhöne delta such places are found 
at the mouth of the Grand Rhöne and at the 
extremities of the spits of the Espiguette, the 
Beauduc and the Gracieuse. The velocity of pro- 
grading (in notrhwesterly direction) of the 
foreland of the Beauduc is probably about 10 to 
15 metres annually, corresponding to an average 
vertical accretion of some 10 to 15 cm on the 
submarine slope. The rate of advance at the mouth 
of the Grand Rhöne is even considerably greater. 

At other places less sand is supplied than is 
catried away by the waves. Here, the barriers and 
spits are gradually eroded and the coast is seen 
to retreat. South of the Faraman this retreat takes 
place with a velocity of about 15 metres per year. 

The base of the sandy barriers of the Rhöne 
delta lies mostly at a depth of roughly 10 to 15 
metres. At this depth the sediment grades into 
muddy sands and muds. The barriers along bays 
that are protected from large waves are generally 
less deeply based, for instance at 2 to 3 metres 
in the western part of the bay of Fos. 


Sand beaches are formed by the action of 
waves at and slightly above sea level. They do not 
only constitute the top parts of barriers and spits, 
but are also formed where the forelying sea floor 
has been stripped by wave erosion of its cover of 
barrier deposits. Thus, sand beaches are every- 
where present around the subaerial parts of the 
Rhöne delta, except along the marshes in the 
southwestern corner of the bay of Fos. At the 
latter place the shore is protected from swell by 
the long spit of the Gracieuse, while locally 
generated waves are of little influence because 
the dominating and prevailing winds are from 
northwesterly and southheasterly directions (see 
az il). 

No quantitative data are available concerning 
the shell content of the Rhöne delta beaches, but 
they are on the whole not rich in mollusc remains. 
Appreciable quantities of shells are encountered 
only at a few places, where they have been con- 
centrated by beach drifting (on the extremities of 
spits) or by wind erosion of the beach sand 
(various localities) or where the shallow sea floor 
in front of the coast is very rich in shells, such 
as at Saintes Maries. At these same places one 
finds concentrations of slabs of recent sandstone, 
which are likewise derived from the sea bottom. 


Three bays are present along the Rhöne delta, 
each of them originating by the lateral growth of 


spits, viz. the bays of Grau du Roi, of the 
Beauduc and of Fos. The last one is by far the 
best protected from wave action. 

The rate of sedimentation in bays may be con- 
siderable, depending on the supply of suspended 
material, their depth and the reduction of wave 
energy by the protecting spits. Of course, the 
direction of swell, wind waves and currents in 
the sea are also of importance, Deposition is 
fastest where a relatively deep bay lies in the 
shelter of a long spit and where active distri- 
butaries debouch in the bay itself or in the open 
sea not far from the bay entrance. Such a case is 
the bay of Fos, which receives its sediment not 
only indirectly (via the open sea) from the main 
mouth of the Grand Rhöne, but also directly from 
the remnant of the former Rhöne de Pegoulier 
and from the Canal of Port St.Louis. According 
to data of Razavet (1956) the sedimentation 
velocity in the central parts of the bay would be 
some 1 to 4 cm per year. The deposition in the 
bays of the Beauduc and Grau du Roi is in all 
probability much slower owing to the greater 
distances from active river mouths and to their 
more exposed situation. 

The sediments of the three bays range from 
slightly pelitic sands to sandy (and silty) pelites. 
They contain as a rule only a low to moderate 
amount of shell material, in accordance with 
their high to moderate rates of deposition. 

The southwestern part of the bay of Fos, which 
is most efficiently sheltered from waves and swell 
by the spit of the Gracieuse, is very shallow and 
forms a bay platform. On its northern side it is 
cut off by a low, but steep escarpment. 


The only environment of active foreset de- 
position. (the "delta front”) in the Rhöne delta 
is found off the mouth of the Grand Rhöne. The 
velocity of sedimentation is very high and may 
be estimated (cf. Van Straaten, 19594) at 
approximately 40 cm annually at a depth of 50 
metres. The rates are higher in shallow water, 
closer to the river mouth, and lower in deeper 
water. 


No lasting deposition of foreset material takes 
place in front of the mouth of the Petit Rhöne. 
Although comparatively clayey sediments are 
probably deposited from time to time in this 
area, the environment is on the whole erosional, 
i.e. more sediment is taken away during the stages 
of erosion than is laid down during the stages of 
deposition. 

The foreset sediments formed off the Grand 
Rhöne show a gradual transition from slightly 
pelitic sands at the top of the delta front to 
pelites on the lower parts. 'T'he material is practi- 
cally exclusively of fluvial origin. Marine organic 
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remains are absent or very rare, Plant remains, 
washed in from the land, are, on the other hand, 
of considerable abundance, Such deposits, which 
are formed in the sea, but which are essentially 
composed of fluvial elements are referred to in 
this paper as "fluviomarine”. The boundary of 
the fluviomarine facies has been drawn on fig. 1, 
where the marine mollusc remains (all sizes 
> 0,8 mm) occur in quantities of more than 
0.1 grammes per litre of sediment. 

The shelf areas with recent delta influence 
comprise those depositional environments which 
lie seaward of the bays, the base of the barriers 
and spits, and seaward of the fluviomarine foreset 
beds. The sediments consist of terrigenous ma- 
terial: pelitic sands, sandy pelites and "pure” 
pelites, which contain smaller or larger amounts 
of marine organic remains. The rate of deposition 
is at most places probably less than 1 cm per 
year. 

Erosional environments are limited to arcas of 
relatively shallow water, the erosion being mainly 
due to waves or to the combined influence of 
waves and currents. The action of waves on the 
bottom is strongest where the bottom profile 
deviates most from the equilibrium profile. In 
deltas, such deviations are produced especially 
where cones of fluviomarine foresets are built 
out into the sea. So long as enough sediment is 
supplied by the river, the waves do not result in 
visible erosional effects. However, as soon as a 
distributary mouth becomes abandoned the effect 
of bottom scour by waves becomes evident. 


This has happened south of the Faraman in 
the Rhöne delta, where a former mouth of the 
Grand Rhöne was closed off in the beginning 
of the 18th century, and south of the Gracieuse, 
where wave erosion could become effective 
around the year 1900. At both places the upper 
parts of the foreset cones were truncated. No 
erosion took place on the lower parts, situated 
below wave base, and hence the depth contours 
of 20 metres and more show a pronounced 
southward bulge. It is very probable that no 
equilibrium profile has yet been established and 
that erosion is still going on on the upper 
surfaces of the truncated cones, 

These gently inclined platforms are covered 
with sand, which in all likelihood represents a lag 
deposit, It probably does not form a very thick 
layer. Outcrops of the old fluviomarine deposits 
were encountered on the outer edges of the 
platforms. The latter places are characterized by 
the presence of relatively great amounts of shell 
material (see fig. 3), lying on top of the barren 
foreset sediments. The concentration of shell 
remains is presumably due both to the lack of 
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dilution by inorganic sediment and to (he favour- 
able conditions for the development of a rich 
bottom fauna, created by the absence of inorganic 
deposition. 

Krosional environments are also found south 
and southwest of Saintes Maries, The present 
supply of sediment by the Petit Rhöne is not 
sufficient 10 counteract erosion, This sltumtion 
has probably existed since the Middle Ages. The 
old, well compacted foreset deposits lie at most 
places at or very cJosely below the surface and are 
covered only by a thin veneer of coquina and 
residual sand 

Non deposikional envwonments Are sirumted 
on various parts of the shelf, Beyond the zones of 
recent pelites one encounters areas where the 
bottom consists, to a depth of at least several feet, 
of pelitic sands, full of shell, The sand has 
obviously not been brought there under the pre» 
sent circumstancen and it may be assumed that 
it was deposited during Pleistocene stagen of 
lowered sen level 

The absence of a cover of Recent sediments 
can not be explained by later erosion for lack of 
scouring agents, It can only mean that there han 
been no appreciable deposition since the 
Pleistocene, This is not surprizing, It is known 
that the grain sizes of che suspended material in 
the water become finer and finer wich increasing 
distance from the const, At a cermin distance the 
average grain sizes are so small that most of It is 
kept in suspension by the trurbulence due 10 the 
slow marine currents passing Rhöne 
delta shelf sume time the concen- 
trations of suspended matter Jecrense in directions 
away From the const, the rnte of deposition soon 
becomes inperceptible, Ihe surface velocity of the 
east-went Howing current is on the average of the 
order of LO em/see (Gautier, 19565), Even If the 
velocity along the bottom In 20 timen an small, It 
would probably be sullicient to keep particles of 
20 u in suspension, It is ine chat the size of the 
floceulated particles present In the sen water 
above these shell areas in nor known, but very 
Jikely it is smaller hans 20 u 

It must be remarked that the arens, where thin 
coarse sand is suill uncovered by Recent mud, are 
not entirely wichout deposition, The pelitie ad- 
mixtures of the sand» are in all probabilley party 
formed in post-glacial timen, perhaps owing to 
conguladion of the material in the shape of facenl 
pellets by suspension-feeding animals, The term 
non-depositional for these environments should 
therefore not be taken in Ita sericrest sense, It 
certainly can nor be applied 10 (he bottom ma- 
terial as a whole, because part of he abundant 
organic remains which it contmins is surely of 
Recent age, 


over the 
Since at the 


It may thus be concluded that che high shell 
contents In these arcas are, at least to some extent, 
the result of the very small dilution by Inorganic 
sediment, This condition may have existed during 
the whole period following on the last stage of 
lowered sea Jevel (not counting the short stages 
in which the water depths may have been less 
than 10 to 20 metres). 


Einrichment of shells owing to lack of inorganic 
deposition has apparently also taken place in the 
coquina zone between about 10 and 50 metres 
depth south of the Rhöne Vif and the Perit 
Rhöne (fig, 3), Here, the shell material forms a 
thin cover on top of generally fine grained deltaic 
deposits, Concentration, as lag residues, by erosion 
cannot be invoked because most of the arca lies 
below wave base and because the underlying sedi- 
ments are at many places free or almost free of 
molluse shells (fluvlomarine facies), The non- 
«eposivional conditions in this coquina zone 
probably started at much later times than those 
in the areas of coarse grained pelitic sands on the 
outer parts of the shelf, 

The cause of the absence of inorganic depo- 
sition in the coquina zone seems fairly obvious, 
These shell concentrations aucupy a rather shallow 
part of the shelf, as in seen by comparison of 
fig, 3 and Fig, 10, which gives-che depeh contours, 
More 10 the east one finds much greater depths 
(at equal distances from the coast), It follows 
that che cronmsection of the east-west current 
flowing over the shelf is considerably reduced 
when it passes from the eastern to the western 
part of (he Rhöne delta shell, Where the depths 
are smaller than about 50 metres the reduction of 
the cross section results apparently in sufficient 
increase of the bottom velocities 10 prevent the 
deposicion of pelivic material, A few hyporherical 
current direetions as deduced from the shell con- 
tents of the grab samples have been indicated 
with arrows on fig, 10, 

It is more difficule to account for (he facr chat 
beyond the coquina aren there is first a zone of 
active deposition and then another non- 
depositlonal environment, viz. that of the shelly 
pelitic sands, Ir could be partly due to che gradual 
decrease of the amounts of suspended matter in 
the water as one pawes towards water massen 
flowing at greater distances From the const, But it 
scems likely that the main cause of the differences 
in rate of deposition lies in che differences of the 
current velocities of the bottom water, In order 
(0 give a satinfacrory explanation one should 
therefore know much more about thege currents, 
both wich regard 10 their actual velocities and to 
their three-dimensional pattern (occurrence of 
counter currents, dead corners, etc.), 


II. THE MALACOLOGICAL ANALYSES 

1. Method 

It was mentioned already in the introduction 
that for each sample two size fractions were 
analyzed: one with elements of 0.8 to 2.5 mm, 
the other with shells or shell fragments coarser 
than 2.5 mm. Both fractions were weighed. The 
shell material was then identified as to species 
as far as possible. No distinction was made 
between empty shells and shells of living animals. 

The number of specimens representing each 
different species in the coarse fraction was de- 
termined as follows: entire gastropod shells and 
double valves of pelecypods were counted as one; 
unbroken, but separate pelecypod valves were 
counted as one half, and the number of specimens 
present as shell debris was calculated by adding 
the estimated relative sizes of separate fragments, 
or by dividing the total weight of the fragments 
by the average weight of the entire specimens (in 
the same sample) (cf. Van Straaten, 1956, 1957b). 

The fine fraction was analyzed only quali- 
tatively. A quantitative study would have been 
very time-consuming and seemed hardly justified 
on account of the great amounts of unidentifiable 
fragments of mollusc shells in these small size 
grades. 


2. Presentation of data 

Only gastropods, scaphopods and pelecypods 
are dealt with in this paper. No attempt was 
made to identify the (rare) remains of Poly- 
placophora and the shells of land and fresh water 
molluscs. The latter are of rather frequent oc- 
currence in most lagoon samples. They are, more- 
over, occasionally found as reworked elements in 
the shallow coastal zones of the open sea (together 
with shells of brackish water species). Cephalopod 
remains were not encountered. 

The species are listed in table I, which gives 
at the same time some information on their total 
frequencies and distribution. To this purpose the 
samples have been taken together in 4 categories: 
core samples from lagoon deposits, loose shells 
from beaches, grab samples from the sea floor 
and core samples from offshore pelitic sands 
taken at the stations 1 to 9 on map fig. 1. The 
latter are partly of Pleistocene age. Their position 
in the cores was as follows: 
station 1 (depth 50 m): 40-60, 60-80, 80-100, 

100-120, 120-140, 140-160 cm; 
station 2 (depth 90 m): 143-163 cm; 
station 3 (depth 74 m): 217-232 cm; 
station 4 (depth 72 m): 160-180 cm; 
station 5 (depth 106 m): 100-120 cm); 
station 6 (depth 116 m): 40-60, 60-80, 80-100, 

100-10, 120-140 cm; 
station 7 (depth 115 m): 20-40, 40-60, 60-80, 
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80-100, 100-120, 120-140, 140-160, 160-180 
cm; 
station 8 (depth 128 m): 0-8, 10-18, 20-28 cm; 
station 9 (depth 145 m): 16-24 cm; 


Since no vertical variations in malacological 
composition were found in these cores, only the 
average composition of the successive samples of 
each core was used. 

For each species the total number of specimens 
(Sp) is given, which were present in the combined 
coarse fractions of all samples belonging to these 
4 catagories. The table gives also the total 
numbers of stations (St) of each category where 
the species were encountered (in the coarse and/or 
in the fine fraction). Where a species was pre- 
sent only in the fine fraction, or as less than 0.6 
specimen in the coarse fraction, its total specimens 
number has been taken as 0. It should be mentioned 
that some 85 species are so small that they are 
seldom or never encountered in the coarse fraction, 

No synonyms are given in table I, for lack of 
space. For the same reason the author had to 
refrain from presenting the basic quantitative 
data. Instead, a list has been included (table II) 
in which the separate analyses of grab samples 
from the sea floor have been combined in order 
to show the general distribution of the species 
according to bottom character and depth. The 
150 stations® frave therefore been taken together 
in 7 bottom type classes and in 4 depth classes. 


Bottom type classes 


no. 1 ( 6 stations): rock and gravel (R) 


no. 2 (13 ,„  ): coquina (more than 8.1 grammes 
0.8—2.5 mm/L (C) 
no. 3 (41 sand 


(pelite index: 1) 


no. 4 23 ,„ ): slightly pelitic sand 


» a) 
no. 5 ‘(13 »  .)* pelitic sand 
(» 2) 


no. 6 (23 ,„  ): sandy (and silty) pelite 
(ee a! 
00,731 Se) i 


Ken a, 
Depth classes 


Subdivision I: bottoms of sand to pelite 
no. 1 (55 stations); 0— 10 metres (a) 


nomanäsel nn WNStlee 25.0 5,0: Xb) 
no. 3 (18 3 26— 51 NE RAC) 
no AZ)» 521060 d) 


Subdivision II: bottoms of rock, gravel and coquina 
no. 1 (6 stations);: 0—10 metres (a') 
no, 216° „ Jr 1-25 8 .(b') 
re I Be E, 

For each class it was calculated at how many 
stations a species was found in proportion to the 
total number of stations belonging to the same 
class, and these relative distributions were cex- 


3 Excluding the stations with barren samples. 
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TABLE I — NAMES OF SPECIES, TOTAL NUM- 
BERS OF SPECIMENS, AND TOTAL NUMBERS OF 
STATIONS WHERE FOUND. 


Number of specimens = (0) means: present, but only 
in fractin 0.8—2.5 mm, or as less than 0.6 specimen 
in fraction > 2.5 mm. 

Partly Pleistocene: core samples from stations 1 to 9 

(fig. 1). 

(1) Identification by Dr. C. O. van Regteren Altena 

(2) Identification by the author checked by Dr. C. O. 
van Regteren Altena 

(3) Identification by Mrs. W. S. S. van der Veen-van 
Benthem Jutting 

(4) Possibly including other Dentalium species, except 
Dentalium inaequicostatum. 

(5) Identification of Anomia species was often impos- 
sible. Several specimens may belong to Anomia 
squamula. 


Environments 


Partly 
Pleistocene 


Lagoons 
Beach 
Shelf 


Total number of 
stations 


150 


= 
a 


Species 


specimens 
stations 
stations 
specimens 
stations 
specimens 
stations 


Haliotis Jamellosa Lamarck 

Seissurella costata d’Orbigny 

— crispata Fleming var. aspera 
Philippi 

Emarginula conica Lamarck (2) 

— elongata Costa (1) 

— cf. tenera Monterosato MS, z 
Thiele (1) 

Punceturella noachina (Linraeus) (1) 

Diodora apertura (Montagu) 

— gibberula (Lamarck) 

— italica (Defrance) 

Fatella caerulea Linnaeus 

— Jusitanica Gmelin 

Acmaea virginea (Müller) 

Danilia tinei (Calcara) (1) 

Calliostoma conulus (Linnaeus) 

— granulatum (Born) 

— zizyphinum (Linnaeus) 

Cantharidus exasperatus (Pennant) 

— striatus (Linnaeus) 

Gibbula adansoni (Payraudeau) 

ardens (Von Salis) 

divaricata (Linnaeus) 

fanulum (Gmelin) 

magus (Linnaeus) 

philberti (R&cluz) 

umbilicaris (Linnaeus) 

varia (Linnaeus) 

articulata (Lamarck) 

mutabilis (Philippi) 

— turbinata (Born) 

Clanculus Jussieui (Payraudeau) 

Collonia sanguinea (Linnaeus) 

Astraea rugosa (Linnaeus) 

Tricolia pullus (Linnaeus) 

„Coceulina’” laterocompressa 
(Rayneval) (1) 

Littorina neritoides (Linnaeus) 

Hydrobia acuta (Draparnaud) (1) 

Truncatella subeylindrica (Linnaeus) 

Cingula vitrea (Montagu) 

— semistriata (Montagu) 

Alvania cıassa (Kanmacher) 

— beani (Thorpe) (1) 

-— cancellata (Da C.) (2) 

— cimex (Linnaeus) 

— cimicoides (Forbes) (1) 

— geryonia (Brusina) (1) 

— montagui (Payraudeau) 

— pagodula (B.D.D.) 

—- punetura (Montagu) (2) 

— testae (Aradas et Maggiore) (2) 

Rissoa inconspicua Alder (1) 

— lineolata Michaud 

-—— marginata Michaud (1) 
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— monodonta (Bivona) (1) 

— variabilis (Megerle) 

— ventricosa Desmarest 

— violacea Desmarest 

— auriscalpium (Linnaeus) 

Turritella tricarinata communis Risso 

— triplicata (Brocchi) 

Caecum imperforatum 
(Kanmacher) (1) 

Bittium reticulatum (Da Costa) (2) 

Cerithium vulgatum Bruguiere 

Cerithiopsis nana (S.V. Wood) 

— tubercularis (Montagu) 

Triphora perversa (Linnaeus) 

Epitonium cantrainei (Weinkauff) (2) 

— clathrus (Linnaeus) (2) 

— turtonis (Turton) (2) 

— cf. algerianum (Weinkauff) (1) 

Eulima trifasciata (J. Adams) (2) 

Balcis alba (Da Costa) (2) 

— curva (Monterosato) (1) 

— devians (Monterosato) (1) 

Capulus hungaricus (Linnaeus) 

Calyptraea chinensis (Linnaeus) 

Crepidula crepidula (Linnaeus) (1) 

Aporrhais pespelicani (Linnaeus) 

Polinices catena (Da Costa) 

—- guillemini (Payraudeau) 

— poliana (Delle Chiaje) 

— intricata (Donovan) 

— josephinia (Risso) 

Natica maxima (Risso) 

— millepunctata Lamarck 

Trivia monacha (Da Costa) (3) 

— pulex (Gray) (3) 

Galeoda echinophora (Linnaeus) 

Cymatium corrugatum (Lamarck) 

Murex trunculus Linnaeus 

— brandaris Linnaeus 

Trophon muricatus (Montagu) (2) 

Ocenebra aciculata (Lamarck) 

— craticulata (Brocchi) 

— erinaceus (Linnaeus) 

Pyrene scripta (Linnaeus) 

Columbella rustica (Linnaeus) 

Euthria cornea (Linnaeus) 

Pisania maculosa (Lamarck) 

Chauvetia brunnea (Donovan) (2) 

Nassarius corniculum (Olivi) 

-— mutabilis (Linnaeus) 

costulatus (Brocchi) 

incrassatus (Ström) 

prismaticus (Brocchi) 

pygmaeus (Lamarck) 

reticulatus (Linnaeus) 

— neriteus (Linnaeus) 

Eenas pulchellus (Philippi) (2) 

Mitra ebenus Lamarck (2) 

Persicula miliaria (Linnaeus) (2) 

Acrobela loprestiana (Calcara) (1) 

Mangelia paciniana (Calcara) (2) 

— vauquelini (Payraudeau) (2) 

multilineolata (Deshayes) (2) 

attenuata (Montagu) (2) 

brachystoma (Philippi) (2) 

costulata (Risso) (1) 

—- nebula (Montagu) (2) 

- Raphitoma hystrix (Jan) (2) 
Philbertia asperrima (Brown) (1) 
— concinna (Scacchi) (1) 

—- linearis (Montagu) (2) 

— purpurea (Montagu) (2) 

— teres (Reeve) (1) 

Conus mediterraneus Hwass 
Acteon tornatilis (Linnaeus) 
Chrysallida obtusa (Brown) (2) 
— excavata (Philippi) (2) 
Odostomia conoidea (Brocchi) (2) 
— conspicua Alder (1) 

— unidentata (Montagu) (1) 

— eulimoides Hanley (1) 
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Eulimella laevis (Brown) (2) 
— gracilis Jeffreys (1) 
F — nitidissima (Montagu) (2) 
4 Turbonilla elegantissima (Montagu) 


— cf. gradata (Monterosato) (2) 
— crenata (Brown) (2) 
— jeffreysi (Forbes et Hanley) (2) 
Bulla striata Bruguiere 
Haminea hydatis (Linnaeus) 
-—- navicula (Da Costa) 
Akera bullata Müller 
Retusa mammillata (Philippi) 
— truncatula (Bruguiere) 
— subeylindrica (Brown) 
Volvula acuminata (Bruguiere) 
Cylinchna cylindracea (Pennant) 
Roxania uttriculus (Brocchi) 
Scaphander lignarius (Linnaeus) 
Philine aperta (Linnaeus) 
[ —- cf. pruinosa Clark (1) 
— catena (Montagu) (1) 
— scabra (Müller) (2) 
Cavolinia inflexa (Lesueur) (2) 
— tridentata Forskal (2) 


Dentalium inaequicostatum 
Dautzenberg (2) 

— vulgare Da Costa (2) (4) 

Nucula nucleus (Linnaeus) 

Leda commutata (Philippi) 

— pella (Linnaeus) 

Portlandia tomlini Winckworth (2) 

Arca noae Linnaeus 

-— tetragona Poli 

— barbata Linnaeus 

— cf, koreni Danielssen (1) 

— cf. nodulosa Müller (1) 

—- lactea Linnaeus 

—- pectunculoides Scacchi (2) 

Glycymeris pilosa (Linnaeus) 

— violascens (Lamarck) 

Modiolus adriaticus (Lamarck) 

—- barbatus (Linnaeus) 

Brachydontes lineatus (Gmelin) 

—- minimus (Poli) (2) 

Musculus sulcatus (Risso) (2) 

— costulatus (Risso) (2) 

— marmoratus (Forbes) (2) 

Lithophaga lithophaga (Linnaeus) 

Mytilus galloprovincialis Lamarck 

Pheria hirundo (Linnaeus) (2) 

Pinna pectinata Linnaeus (2) 

Propeamussium simile (Laskey) (2) 

— hyalinum (Poli) (2) 

— incomparabile (Risso) (1) 

—- cf. fenestratum (Forbes) (1) 

Pecten clavatus (Poli) 

— flexuosus (Poli) 

— glaber (Linnaeus) 

-— multistriatus (Poli) (2) 

opercularis (Linnaeus) 

pesfelis (Linnaeus) (2) 

varius (Linnaeus) 

jacobeus (Linnaeus) 

Spondylus gaederopus Linnaeus 

Lima subauriculata (Montagu) (1) 

— lima (Linnaeus) (1) 

— sarsi Loven (1) 

—- hians (Gmelin) 
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aculeata Müller (3) 

— ephippium Linnaeus (5) 

Ostrea edulis Linnaeus 
Astarte fusca (Poli) (1) 
-— triangularis (Montagu) (2) 
Cardita aculeata (Poli) (2) 
i — antiquata (Linnaeus) 
Beguina trapezia (Linnaeus) 
— calyculata (Linnaeus) 
Kelliella miliaris (Philippi) (1) 
Glossus humanus (Linnaeus) 
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Thyasira flexuosa (Montapu) 10 61 
Myrtea spinifera (Montagu) (2) 3,92 
Divaricelln divarlicata (Linnaeus) I 778 
Loripes lueinalis (Lamarck) Br 
Lucina fragilis Philippi (2) . l l 
Codokia reticulata (Poll) (2) l 
Scacchia elliptica (Scacchi) (1) A 
Kellia suborbicularis (Montagu) (2) 0 1 
Lepton nitidum Turton (1) - 
-- squamosum (Montagu) 0) I 
Miysella bidentata (Montapu) (0 65 
Montacuta lertupginosan (Montapu) > 0 A 
— substriata (Montagu) (1) 
Chuama gryphoides Linnneus 4 27,8 
Pseudochama gryphina (Lamarck) Rn 
Luevicardium oblongum (Gmelin) wg. 0% 
Cardium aculeatum Linnaeus - u ER) 
—- echinatum Linnaeus . ar. 
— edule Linnaeus hl 1 1} 
—- exiguum Gmelin er N a El 
— minimum Philippi (2) . 24 28 
— papillosum Poli 115 21 
— pauclcostatum Sowerby ——- dh 37 78 
— tuberculatum Linnneus -. 537.18 
Gouldia minima (Montagu) u 28 7 
Pitar rudis (Poli) —_— — 2 9 1 
Callista chione (Linnaeus) —- 3,40 } 
Dosinla lupinus (Linnneus) n ı 4 5 
Venus casina Linnaeus . 052% 
- elfosa Philippi (2) —. — 
—- verrucosa Linnaeus -—2 7 4 
— ovata Pennant nn 266 Al 
— fasclala Da Costa er a! 
— gallina Linnaeus .,5 26 4 
Venerupis decussata (Linnacus) . 4 - 
— aurea (Gmelin) 02172 
— rhomboides (Pennant) ——— 24 26 
Irus irus (Linnaeus) . RER! 
Mysia undata (Pennant) - - OR) 
Petricola Nthophaga (Retzius) — {1 
Spisula subtrunenta (Da Costa) — 22065 9 
Mactra corallina (Linnaeus) - >s 72 53 
Lutraria lutraria (Linnaeus) —— ) - 
— magna (Da Costa) —. 1 - 
Donax semistrlatus Poll 3 22 27. 
— trunculus Linnaeus en 
Guri fervensis (Gmelin) (3) u er 
— depressa (Pennant) u 1 2 
Azorinus antiquatus (Donovan) . Fat ar 
Solecurtus scopula (Turton) - 1 . 
— steigillatus (Linnaeus) _ | 1 
Abra alba (Wood) 194 94 
— ovata (Philippi) % 7 4 
— prismalica (Montapu) 1197 
Scrobicularla plana (Da Costa) a 
Quadrans serratus (Brocchi) (2) u 0. 22 
Angulus fabula (Gmelin) _ 26 38 - 
-—- incarnatus (Linnaeus) —— 4 
— nitidus (Poll) _. BA 
-— pulchellus (Lamarck) — u 3 47 5 
— tenuis (Da Costa) ——u 2 13 16 
Pharus legumen (Linnaeus) —_—— 5 m 5 
Phaxas pellucidus (Pennant) ———— 33 45 
Solen marginatus Montagu — 40 1 
insis ensis (Linnaeus) -——35323 
—- sillqua (Linnacus) 5 0 1 
Saxicava arctica (Linnaeus) (2) —_—— 2 5 
Corbula mediterranen (Costa) 53 % 4 
— gibba (Olivi) 1 1205 93 
Gastrochaena dubla (Pennant) | m um 
Barnea candida (Linnaeus) 2190 32 
Plıolas dactylus Linnaeus u 
Teredo spec. 1 me m 
Lyonsian corruscans (Scacchl) (1) — 1 1 
Pandora innequlvalvis (Linnneus) 2 24 
Thracla corbuloides Deshayes (1) I» - 
— papyracea (Pol) —— 4 11 
— distorta (Montapu) (1) — 0.4 
Cuspidaria cf, suleifern (Jelfreys) (1) -— 0 1 


— costellata (Deshayes) (2) 
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TABLE II — DISTRIBUTION OF 
GARDLESS OF SPECIMEN FREQUENCY) 
DIFFERENT TYPES OF BOTTOM AND AT 
DIFFERENT DEPTHS. 

The numbers of stations where the species were 
found are expressed in tenths of percentages of the total 
numbers of stations in each category. These total num- 
bers of stations are as follows: 
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pressed as tenths of percentages: 


number of stations where found 


10 x - 
total number of stations 


Thus, the numbers of specimens encountered 
at the various stations were completely left out of 
account in this table and only their presence or 
absence at the stations was taken into con- 
sideration. 


Some quantitative data about the distribution 
of a few species are given in figs. 8 to 11, while 
fig. 12 shows the average quantitative composition 
of the mollusc shell assemblages for the 7 different 
classes of bottom lithology. 
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IV. SIGNIFICANCE OF DATA 


1. Influence.of transporiation of mollusc shells, 


At most places of the Rhöne shelf there is 
little difference between biocoenoses and thana- 
tocoenoses other than that caused by differences 
in the average age reached by the various species. 


Significant discrepancies between biocoenoses and 
thanatocoenoses may be found, however, in 
shallow water along the coast. Here, much of the 
shell material is displaced after death of the ani- 
mals. This transport takes mainly place by wave 
action. Tidal and non-tdal currents are so weak 
on the Rhöne delta shelf that they can not play 
an important part. 

It follows from the lithology of the sediments 
that wave transport of bottom material is restricted 
to depths of less than 10 to 20 metres. This lower 
limit of wave transport may also be deduced 
from the distribution of the shells of Corbula 
mediterranea, the most abundant inhabitant of 
the shallow sandy zones along the coast. The 
majority of the shells of this species that were 
encountered in the grab samples are very small 
(less than 2.5 mm) and very thin, so that even the 
weakest currents suffice to move them over the 
bottom. Yet, not a single specimen has been 
found in water deeper than 12 meters and usually 
they are absent below 10 metres depth (fig. 8). 


The effect of waves in shallow water consists 
not only in transport of bottom material in 
directions transverse to the coast, but also parallel 
to it. For instance, many shells of brackish and 
fresh water species are present in the samples 
from between 0 and 12 metres depth on the 
western and northwestern sides of the Beauduc. 


Since this foreland dates only from the last 


- centuries and since during this time the con- 


ditions have always been purely marine, the shells 
cannot be of local origin. Their relatively much 
worn condition shows also that they have been 
transported over comparatively great distances. 


The source of these shells is easy to locate, viz. 
the lagoonal deposits that are and were eroded 
on the retreating coast south of the Faraman. 


2. Influence of changed environments 

The situation in non-depositional areas may be 
more complicated. Differences between the com- 
position of the shell assemblages and the actual 
composition of the living fauna can arise by three 
causes. In the first place one may find shells of 
shallow water species, which lived there long ago, 
when sea level stood much lower than at present. 
In the second place there can have been transport 


4 Transport of shells by hermit crabs or of shell debris 
by fishes is probably of subordinate importance. 
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Fig. 4 — Differentiation of mollusc shell assemblages. The specimens-per-species numbers are averages, obtained 
by dividing the total number of specimens (> 2.5 mm) by the total number of species (> 2.5 mm) for each 


station separately. Specimene 


. . . . 300 
of shell material in these early times owing to 


wave action. Thirdly, the composition of the 
bottom fauna may have undergone alterations 

because the bottom character changed, viz. from ae 
normal inorganic sediment to coquina, by the er 
gradual accumulation of the dead shells. Slow | 

enrichment of an original sandy bottom with 
pelite material, by deposition of faecal pellets, BE 
may also have some influence. 200 


Biocoenoses rich in 
Turritella 


V. GENERAL CONCLUSIONS 

1. Relation of species frequencies to specimen 
freguencies 

It follows from table I that on the shelf as a 
whole there are many species which are repre- 
sented only by a few specimens, a smaller number 
of species that occur in moderate quantities and seo 
a few species which are encountered in great 
abundance. The relation between the numbers of 
species, showing equal frequencies (of specimens) 
and their total frequencies in the combined coarse 
fractions of all stations appears to be ap- 
proximately logarithmical. If the number of 


species with a certain total abundance be y and e 

the number of specimens by which they are Dt 

represented be x, this relation is about as follows: 20 wur 
y = 26—12.210 Jog x. Fig. 5 — Relation between numbers of species and 


f ; numbers of specimens (both > 2.5 mm) for different 
Calculations on the base of this frequency types of biocoenoses and thanatocoenoses. 


distribution show that the more specimens re- 
gardless of species) are contained in a sample, the 
greater in general the average number of speci- 
mens per species must be. This is indeed found 
to be the case, as is seen by comparison of fig. 3 
and fig. 4 (see also fig. 5). The coquina samples, 
where the greatest amounts of specimens are 
found (in one case as much as 1129) appear to 
have the highest numbers of specimens per 
species. 

Exceptions are observed at a few places, e.g. 
southwest of the Espiguette, southwest and 
southheast of the mouth of the Grand Rhöne and 
at the entrance of the bay of Fos. These areas are 
characterized by the great abundance of adult, 
living? specimens of Turritella tricarinata commu- 
nis, At some localities close to the mouth of the 
Grand Rhöne Turritella is moreover almost the 
only, or the only species present. In these latter 
cases it is primarily the specialized character of 
the fauna which results in high, average numbers 
of specimens per species. The same is true most 
of the lagoons, which are likewise, though for 
different causes, inhabited by dense populations 
of a fauna poor in species. 

If the number of species and the total number 
of specimens present in the coarse fraction are 
plotted against each other for each station sepa- 
rately, it is found that the points are distributed 
in four main fields of the diagram, see fig. 5. 
The central field corresponds to the "normal” 
samples and the coquina. The field with the 
lowest numbers of specimens per species covers 
the samples from rock and gravel bottom. 


2, Total numbers of species per (1 litre) sample 


The total numbers of species found in both 
fractions together have been plotted on a map: 
fig. 6. They reveal a strikingly systematic distri- 
bution. The most conspicuous feature is the influ- 
ence of the mouth of the Grand Rhöne. Directly 
in front of it there is no mollusc material at all 
in the samples. Going away from the river mouth 
one comes into zones of gradually increasing 
species numbers. The effect of the Grand Rhöne 
is still observed to the south and southeast of the 
Beauduc. It seems that southeast of the river 
mouth the influcence decreases more rapidly, 
owing no doubt, to the east-west flowing current 
in this part of the Mediterranean. 

The diminishing of the numbers of species is 
partly the result of the smaller frequencies 
of specimens, which in their turn are partly 
caused by the dilution of the mollusc material by 
inorganic sediment. But it is doubtless also due 


5 Although no systematic separation of the shells of 
dead and living animals was made, such major con- 
centrations of living material were easily observed. 


Nplby, 
to the unfavourable effect of the sediment supply 
itself on the mollusc fauna. It is clear, on the 
other hand, that the discharge of fresh water from 
the Rhöne mouth is not responsible. In conse- 
quence of its relatively low density the river 
water flows out at the surface as a thin sheet, at 
most a few feet thick. The bottom water has 
everywhere normal (marine) chlorinities, see 
fig. 7, except in very shallow depths close to the 
river mouth. 

Another low in the species frequency distri- 
bution is found off the mouth of the Petit Rhöne. 
It is of much smaller extent, as may be expected 
on account of the rather small amounts of sus- 
pended material that are supplied by this distri- 
butary. Moreover, if longer periods are considered, 
the environment is not depositional at all, but 
erosional. 

The highest numbers of species are observed 
on the coquina bottoms in the western part of 
the investigated area, on the edges of the abrasion 
platforms south of the Faraman and the Gracieuse, 
in the interior of the bay of Fos and especially on 
the rock and gravel bottoms near Grau du Roi 
and Fos. The sample from the last mentioned 
locality contains 83 identified species. 


The great diversity of the fauna on rocky 
bottoms is easily understood. In the first place, 
there are a great many species which prefer a 
hard-rock substrate. Then, these bottoms are often 
full of holes and niches filled with mud, sand or 
shell debris, where other molluscs may live, and 
thirdly, there are often marine plants growing on 
them (at least in shallow water) or sponges etc. 
which provide food or a suitable substrate for still 
many other species. 


VI. FACTORS INFLUENCING THE MOLLUSC 
DISTRIBUTION 


1. General remarks 


It has been mentioned already that table II is 
based on mollusc shell assemblages composed of 
mixed living and dead material, and that the 
distribution of the latter may locally extend 
over the areas of the biocoenoses, owing to 
transport of shells after death of the organisms 
or to changes of the environmental conditions. 
But there are more reasons why table II 
cannot give more than approximate information 
about the mollusc distribution. For instance, the 
qualification coquina was given to bottoms where 
the grab samples contained more than (the quite 
arbitrarily chosen limit of) 8.1 grammes of ma- 
terial of 0.8— 2.5 mm per litre. Since the coquina 
forms at most places only a thin layer on top of 
more normal sediments, it depends not only on 
the thickness of this layer, but also on the depth 
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Fig. 6 — Total numbers of species found in material > 0.8 mm of 1 litre grab samples. 


of penetration of the grab sampler how much 
shell debris is recovered in proportion to inorganic 
material. A number of places where the bottom 
is covered by typical coquina may therefore have 
been classed as pelite, or sandy pelite, or pelitic 
sand etc. 

Furthermore, the non-coquina stations have 
been classed according to the average compo- 
sition of the top 5 cm of the sediment. But in 
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some cases, where this average differs from the 
composition of the uppermost 1 or 2 centimetres, 
it may be the latter which influences the presence 
or: absence of certain species. 


2. Influence of salınity 


There are only few mollusc species that inhabit 
the brackish water of the lagoons. Those showing 
the greatest abundance (Gibbula adansoni, Hy- 
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Fig. 7 — Chlorinities (in 1/10 grammes per litre), measured on different days in July and August 1957 in 


vicinity of mouth of Grand Rhöne. Values without brackets: surface water; values between brackers: 


water. 


bottom 


drobia acuta, Cardium edule, Abra ovata) live 
exclusively in this environment. Others, which 
are normally represented by fewer specimens in 
the lagoons inhabit also the open sea, most of 
them in relatively shallow water. The species that 
has the widest depth range is Bittium reticulatum. 


3. Influence of bottom texture 


In table II it is seen that most species are rather 
sensitive to the lithology of the bottom. Many of 
them are found only or nearly only on one type 
of substrate, e.g. rock bottom, or sand. Other 
species have a wider range, e.g. rock bottom + 
coquina + pelite, or pelitic sand + sandy pelite 
etc. A list of the average malacological compo- 
sition of the various bottom types in the open 
sea is given in table III. It is based on the total 
numbers of specimens found at all stations of 
each category. 

The restriction of certain molluscs to rock 
bottoms is easily explained for rock boring 
species, like Lithodomus lithophaga, Irus irus and 
Petricola hithophaga, or for species requiring a 
solid substrate (e.g. Patella coerulea, Patella lusi- 
tanica), and also for molluscs living on plants or 
animals that are limited to rock bottoms (some 
Rissoidae). 

Species which have their maximum distribution 
on coquina are Corbula gibba, Venus ovata, Ca- 
lIyptraea chinensis, Leda commutata, Anomia 
ephippium and others (see table III). It is known 
(Yonge, 1947) that Corbula gibba requires the 
combination of an unconsolidated substrate in 
which it lives as an endobiont, and gravel or shell 
material to which it attaches its byssus threads. 
These conditions are best realized in coquina 
bottoms (or where the sediment contains scat- 
tered gravel). Perhaps Venus ovata and Leda 
commautata have a similar mode or living. Ca- 
lyptraea chinensis feeds on small algae (diatoms 
and other ones, see Pelseneer, 1947), while 
Anomia ephippium is a sessile suspension feeder. 
They require therefore a substrate with hard 
objects, on which these algae can grow, or to 
which they can attach themselves. The presence 
of coquina answers the demands, but it is not 
indispensable, since similar conditions are found 
on rock bottoms. As a matter of fact, both species 
live also in this latter environment, althought 
there their relative abundance is smaller, possibly 
as a result of competition by other species. 

The sand bottoms of the Rhöne delta shelf 
support a very characteristic mollusc fauna. Yet, 
it seems that the majority of these species do not 
so much require the presence of sand itself, as 
rather the strong turbulence in the water which 
causes sandiness of the bottom as a secondary 
effect. Such species are probably Cardium tuber- 


119 


TABLE II — AVERAGE MALACOLOGICAL COM- 
POSITION (PERCENTAGES) OF GRAB SAMPLES 
FROM VARIOUS BOTTOM TYPES 
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culatum, Donax semistwiatus, Donax truculus; 
several Tellinidae, Pharus legumen, Ensis ensis, 
Corbula mediterranea a.0. On the other hand, a 
few species no doubt depend on the sand because 
of its particular physical properties. This group 
comprises predatory gastropods which have to 
burrow below the bottom surface in order to 
teach their pray, such as various species of Po- 
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with more than 10 specimens (> 2.5 mm) of Corbula gibba per 1 litre grab sample. Heavy dotted lines enclose 
areas with morethan 1 specimen (> 2.5 mm) of Corbula gibba per 1 litre grab sample. 


Fig, 9 — Distribution of shells of Spisula subtruncata and Alvania testae. The quantities of Spisula subtruncata 
refer to the numbers of specimens present in the material > 2.5 mm per 1 litre grab sample. 


linices, and Actaeon tornatilis (cf. Fretter, 1954) 
The pelecypod Montacuta ferruginosa may be 
classed in the same category, because it lives as a 
commensal on echinids that burrtow through the 
sand. 

Comparison of the mollusc shell assemblages 
from pelitic sands, sandy pelites, and pelites 
shows that the differences between them are less 
pronounced than the differences between these 
three types of assemblages together and those 
from the shallow near-shore sands. The slightly 
pelitic sands can best be considered as a 
transitional environment, characterized by the 
coexistence of forms that prevail either in the 
sandy zones, or on the more pelitic bottoms (see 
table III). The only species of appreciable 
abundance which seems to have its maximum 
distribution in the zone of slightly pelitic sands 
is Cardium paucicostatum. 

By far the most abundant mollusc on all four 
bottom types, from slightly pelitic sand to pelite 
is Turritella tricarinata communis. It is a deposit 
feeder, which requires the presence of much fine 
grained material on the bottom and which cannot 
stand too much turbulence in the water (cf. Hunt, 
1925; Yonge, 1947; Sartenaer, 1959). Many of 
the other species, inhabiting the muddy areas 
of the Rhöne delta shelf, although mostly of 
different feeding habits, may owe their distri- 
bution to the same factors: quietness of the water 
and fine texture of the bottom material. 

While the majority of the molluscs living on 
mud bottoms seem to be rather indifferent to the 
relative proportion of sand, there are a few which 
are found almost exclusively either within or 
without the areas of ”pure” pelitic muds. Species 
that were nowhere, or almost nowhere en- 
countered in pure pelites are Dosinsa lupinus and 
Spisula subtruncata, fig. 9), while Thyasıra 
flexuosa, on the other hand, appears to have a 
ınarked preference for this type of bottom. 


4. Influence of depth 


Since the pelite content of the sediment in- 
creases in general with increase of depth, an 
investigator who considers only the bathymetric 
range of the various species might come to the 
conclusion that this is the main factor influencing 
the mollusc distribution. In reality, depth appears 
to be in many cases a factor of secondary im- 
portance, at least if relatively small ranges are 
considered. This is apparent in areas where the 
lithological zones cross the depth contours, such 
as in bays. Here, most species that are elsewhere 
restricted to deeper water follow the upper limits 
of the muddy bottoms into comparatively shallow 
water. This is especially noticeable in the bay of 
Fos. Likewise, the boundaries of their distribution 
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shows a downward trend where sand bottoms 
extend to greater depths than normal, e.g. on the 
truncated foreset cone south of the Faraman. 

On the other hand, it is not so that depth does 
not play a part at all. Many species are certainly 
influenced by this factor. A well established case 
is that of Turritella tricarinata communis (fig. 10). 
Although this species was encountered at all 
investigated depths (i.e. down to 145 metres) it 
is abundant only in water shallower than about 
50 metres. It shares this property with numerous 
other species. The mollusc assemblages, found 
above this general depth are normally much 
richer, both in species (table II) and in specimens 
than those of deeper water (leaving aside the 
partly Pleistocene shell concentrations in areas of 
non-deposition). 

While thus the lower limit of maximum 
distribution is given, in many cases, by depth, 
there are only few species for which the upper 
limit is determined by this factor. Examples are 
Alvania testae (fig. 9) and, somewhat less strictly: 
Cardium minimum. 


5, Influence of sediment supply 

It has been explained above, that the supply 
of sediment has a twofold influence on the distri- 
bution of mollusc remains: the dilution of the 
quantity of mollusc shells by inorganic material, 
which reduces the chance of finding the various 
species in samples of a given size, and the (mostly 
unfavourable) effects of the sediment supply on 
the mollusc biocoenoses. 

The first named influence should be particulary 
evident from the relative abundance of the 
remains of pelagic molluscs. In the samples from 
the Rhöne delta shelf only two pelagic species 
were encountered. One (Cavolinia tridentata) is 
limited to the core samples from the pelitic sands 
on the outer shelf, which are at least partly com- 
posed of Pleistocene material. The other (Cavo- 
linia inflexa) occuts both in these pelitic sand 
samples and in the purely recent sediments. 

If the shells of these pteropods settle to be 
bottom in equal quantities at all parts of the 
shelf, their relative abundance should vary 
inversely with the rate of inorganic sedimentation. 
They should then be found especially in coquina 
samples. As a matter of fact, Cavolinia inflexa 
was encountered in 4 of the 13 grab samples 
from coquina bottoms, as against in 13 of the 
remaining 137 grab samples. But it is not so that 
its distribution shows a distinet low around the 
mouth of the Grand Rhöne. It was present at 4 
of the 24 stations given in table IV where the 
total number of species per sample is 16 or less, 
i.e. where sedimentation is supposed to be most 
rapid. 
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Fig. 10 — Distribution of shells of Twrritella tricarinata commaunis in fraction > 2.5 mm of 1 litre grab samples. 


Arrows indicate approximate directions of bottom currents as deduced from mollusc shell contents (0.3—2.5 
mm) in grab samples. 


Table IV 
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The adverse effect of sediment supply on the 
living (bottom) molluscs is most strongly felt in 
the direct vicinity of the mouth of the Grand 
Rhöne. Here it is probably due to a number of 
circumstances: 

(1) the relatively high contents of suspended or 
settling mud in the bottom water; 

(2) the increased darkness at the bottom owing 
to the high turbidity, notably in the fresh or 
brackish surface water; 

(3) the high rate of deposition, which may kill 
off the brood of molluscs newly settling in 
these areas; 

(4) the semifluidity of the bottom sediment 
resulting from this rapid sedimentation; 

(5) the absence, due to these same factors, of 
animals or plants that serve as food (or hosts) 
for molluscs; 

(6) the increased number of other animals which 
prefer, or do not object to this environment 
and which feed, among other things on 
mollusc larvae and brood. 

The above conditions pertain especially to the 
deltafront, which starts at a depth of about 4 
metres. Somewhat different environmental circum- 
stances characterize the areas of smaller depths, 
in front of the beaches on both sides of the mouth 
of the Grand Rhöne (mainly owing to the 
influence of wave action, which results among 
other things in a firm sandy bottom)., Here, 
appreciable numbers of shells of Corbula medi- 
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Table IV gives the distribution of various 
species at depths of 20 metres and more in the 
area influenced by the sediment supply of the 
Grand Rhöne. The stations where these species 
were encountered are arranged in this table in 
the order of decreasing total numbers of species 
per sample (see fig. 6). It may be assumed that 
this table gives at least a. very rough idea of the 
relative tolerance of these species against sedi- 
ment supply. For this purpose only those molluscs 
are mentioned which are on the average of great 
abundance on the shelf, so that the resulting 
picture is influenced as little as possible by the 
effect of the rather small number of specimens 
contained in most of the samples. 

It follows from table IV that Turritella tricari- 
nata communis is one of the species which are 
least sensitive to the influence of the Grand 
Rhöne. Great quantities of living specimens are 
found quite close to the river mouth, where other 
molluscs are very rare or even absent. This is not 
surprizing, since Turritella is a freely moving® 
animal, which can easily escape burial under new 
sediment by working its way to the raised bottom 
surface. Unlike many gastropods that have a 
predatory, commensalistic or parasitic mode of 
life, it is not dependent on the presence of other 
molluscs or of any kind of macro-invertebrate. 
terranea (fig. 8) and Pharus legumen are present. 
Apparently these species do not experience much 


6 Although it does not do so normally when feeding. 
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Fig. 11 — Distribution of shells of Barnea candida (> 2.5 mm) in 1 litre grab samples. 
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disadvantage in their development 
[rom the vieinity of the river 
mouch, This may be due to the 
face char they are already adapted, 
as inhabitants of the nearshore 
zones, to relatively high turbidities 
in the water and to occasional 
rapid sedimentation, 


6, InfInence of erosion 

An interesting species, from a 
sedimentological point of view, is 
Barnea candida. "his pelecypod 
bores into firm clay and peat, as 
well as into some little consoli- 
dated rocks. Its shells were not 
found in the samples from the 
hard rocks cropping out near Grau 
du Roi and Fos, but a few of them 
were observed in bore holes in 
rare slabs of Recent mudstones 
which are present among the 
Recent sandstones thrown on the 
beach near Saintes Maries. Since 
no indication has ever been found 
that peat layers crop out on the sen 
floor south of the delta, and since 
cemented mudstones have only a 
very limited diseribution, it may be 
safely concluded that the great 
majority of the shells of Barnea 
candida are derived from speci- 
mens that had bored into well 
compacted pelites, Now the only 
areas, where it can be expected 
that such firm pelite material is 
not covered by soft recently de- 
posited muds (or sands), are those 


Fig, 12 — Above: aver- 
age composition ol mol- 
luse shell ussemblages 
(> 2,5 mm) for main 
types of bottom lithology 
(see also table II). 


Below: Average number 
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where erosion is going on (or where a period of 
erosion has been succeeded by a period of 
strictly non-depositional conditions). This con- 
clusion is confirmed by the remarkably close 
correspondence between the areas with maximum 
numbers of Barnea shells (fig. 11) and those for 
which the erosional character has been inferred 
on account of other sedimentological data (fig. 1). 
VII. MALACOLOGICAL COMPOSITION OF CORE 

SAMPLES FROM OFFSHORE PELITIC SANDS 

The composition of the mollusc shell as- 
semblages in the pelitic sands on the outer parts 
of the shelf (stations 1 to 9 on map, fig, 1) varies 
considerably with depth. At station 1, at a depth 
of 50 metres, southwest of the Espiguette, there 
are only few species that are not also encountered 
in grab samples from more normal, Recent 
deposits, The material from station 9 (145 metres 
depth), on the other hand, shows a quite different 
character. Here, 24 species were identified, of 
which only 9 were also found in the Recent grab 
sample material. Moreover, the species that are 
represented at this locality by appreciable numbers 
of specimens all belong to the category which is 
almost or entirely limited to the offshore pelitic 
sands, e.g. "Coceulina” laterocompressa, Alvania 
cimicoides, A. punctura, Arca pectunculoides, 
Propeamussium ck. fenestratum, P. simile, Lima 
subaursculata, Astarte triangularis, The as- 
semblages at the other stations (2 to 8) form 
more or less a transition between those of stations 
1 and 9, see table V. 

Since the coarse grain of the inorganic part of 
the sediment at stations 1 to 9 shows that it must 
have been deposited at Pleistocene times, when 
sea level stood lower than at present, it may be 
TABLE V — MOLLUSG SHELLS IN CORE SAMPLES 

FROM STATIONS 1 TO 9 (FIG. 1) 
Stations 
NIE 


Sciss.costata x 
—  crispata 

Emarg.conica x 
—  elongata 

—  cftenera 
Punct.noachina 

Acmaen virpinen 
Danilia tinei x 
Call,granul, x 
Gibb,.magus 

„Cocc.” laterocompr, x 
Cingula vitrea 
Alvania beani 

—  cancellata 
—  ceimicoides 
—  punetura 
— testae 
Rissoa inconspicua 
Turr,trie.comm, x 
—  triplicata 
Caecum imperf, 

Bittium retic, 
Cerith.tuberc, 
'Triph,perversa 

Epit.cantrainei 

—  clathrus 

—  cf.alger, 

Eulima  trifasciata 
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expected that, in addition to the shells of Recent 
deep water molluscs, one should find the remains 
of Pleistocene shallow water species. The former 
are actually of common occurrence, e.g. Alvania 
testae, Propeamussium simile, Cardium minimum. 
The evidence for the presence of shallow water 
elements is less clear, however. 

It is true that many of the species at stations 
1 to 9 are limited, in the Recent grab sample 
material, to relatively shallow zones. But this 
could be so because they can live only on special 
types of bottoms, which in the investigated region 
are present only at comparatively small depths. A 
remarkable feature is that several of these latter 
species seem to be more or less characteristic for 
rock and gravel bottoms: Emarginula conica, Al- 
vania cancellata, Rissoa lineolata, Caecum imper- 
foratum, Cerithiopsis tubercularis, Triphoris per- 
versa, Trivia sp., Pyrene sp., Nassarins incrassatus, 
Persicola sp., Gouldia minima, Pitar rudis 2.0. 
These species are especially abundant at the 
deepest stations, 6 to 9. Their presence may be 
connected with small pebbles, structures of 
calcareous algae, coral remains, etc., that are ad- 
mixed to the sediment at these places. 

On the other hand, it is rather striking that 
typical sand-inhabiting molluscs such as Monta- 
cuta ferruginosa, Cardium tuberculatum, Donax 
semisiriatus, Pharus legumen, Ensis .ensis, Corbula 
mediterranea 2.0. were nowhere encountered in 
the offshore pelitic sands”. Their absence forms 
a problem for which the author cannot offer a 
solution. 

Another unsolved problem related to the pelitic 
sands is the vertical distribution of the shells of 
the various species. If, in non-depositional areas, 
there would exist no agencies disturbing. the 
relative position of the particles in the bottom 
sediment, the shells of the Recent pelagic and 
deep water molluscs would form a separate layer 


7 In van Straaten 1959a it was suggested that the 


typical relief of ridges and troughs in the areas of 
offshore pelitic sands might be due to their formation 
as bars on the lower parts of coastal barriers, which 
subsequently were remodelled during the postglacial 
rise of sea level. It was mentioned that the presence of 
shells of shallow water molluscs seemed to corroborate 
this explanation. The latter argument was based on 
samples taken southwest of the Espiguette, where the 
pelitic sands occur at comparatively small depths of 35 
to 50 metres, and where they contain considerable 
numbers of Spisula subtruncata, together with a few 
shells of Actaeon tornatilis, Turbonilla crenata, Venus 
gallina (?) and Thracia papyracea. These molluscs live 
preferably in the shallow sandy zones along the coast, 
although they inhabit also more pelitic sediments, at 
somewhat greater depths. The argument lost much of 
its strength, however, when it was (discovered that the 
above mentioned species are mostly absent, or ex- 
tremely rare, in the core samples from the deeper 
stations (2 to 9) in the offshore pelitic sand areas. 


on top of the underlying Pleistocene sands. How- 
ever, there is no sharp limit at all between the 
Recent shells and the old substrate. On the contra- 
ty, the two appear to be thoroughly mixed. It 
seems that only one mechanism can account for 
this mixing, viz, the activity of burrowing ani- 
mals. But it can hardly be assumed that these 
animals extend their burrows to depths of more 
than one metre. Below this depth one would there- 
fore expect to find the Pleistocene sand in its 
original state, without admixtures of Recent deep 
water material. Moreover, one would expect that 
in cores that are too short to reach the lower 
limit of burrowing activity there is at least a 
gradual downward decrease of the content of 
deep water shells and a gradual downward in- 
crease of the sand content. 


The surprizing result of the malacological 
analyses was that in none of the cores such a 
vertical zonation could be observed: all species, 
including pelagic and deep water forms like Al- 
vania testae, Cavolinia inflexa, Cavolinia triden- 
tata, Propeamussium simile and Cardium mini- 
mum are homogeneously distributed over the 
whole length of the cores, the longest one of 
which measured 180 cm. Since it does not seem 
possible to explain the homogenization to such 
great depths by the effect of burrowing, one 
might be inclined to think of inorganic influ- 
ences, e.g. reworking of the sediment by 
large waves or strong currents. But in that case 
one should find distinct laminations, at least in 
parts of the cores. Such laminations were 
nowhere observed. The problem has therefore to 
remain unsolved until new investigations throw 
more light on it. 


VII. MOLLUSC SHELL ASSEMBLAGES IN 


RECENT SANDSTONES 
Everywhere along the beaches of the Rhöne 
delta one meets with loose slabs of Recent 
sandstone, which are washed ashore by the waves. 
Many of these stones contain shells of marine and 
lagoonal molluscs. The clastic material of the 
stones is mostly pure sand or slightly pelitic sand. 


Much less frequent aer stones of cemented pelitic 
sand or sandy pelite. The cement consists in all 
cases of calcium carbonate. The Recent origin of 
the material is proven by (a) the, freshness of 
most of the enclosed mollusc shells, many of 
which still show the original colours, (b) the com- 
plete absence of typical pre-Recent species, (c) a 
radiocarbon dating of shells from one of the 
stones at Saintes Maries (785 + 135 years). 
Although the sandstones were found on all 
investigated parts of the beach, their abundance 
varies considerably from place to place. They are 


most frequent on both sides of the mouth of the 
Petit Rhöne. 

It can be shown (van Straaten, 1957a) that 
these sandstones are not formed on the beach as 
beach rock, but in or on the sea floor. The differ- 
ences in pelite content and grain sizes of the sand 
render it probable that the cementation takes 
place at various levels. As seen in table VI there 
is a distinct correlation between the pelite content 
of the stones and the composition of the mollusc 
shell assemblages. This is particularly evident if 
the material is divided into two main classes: 
"pure” sandstones and sandstones with smaller or 
larger amounts of pelitic admixtures. Specimens 
of the first group are obviously formed in very 
shallow water and they are rich in shells of 
Venus gallina, Donax semistriatus and Corbula 
mediterranea. They are, moreover, often rather 
coarse grained and many of them show cross- 
laminated structures. The stones of the other class, 
which apparently originate in somewhat deeper 
water, are characterized by greater numbers of 
Turritella tricarinata communis, Nucula nucleus, 
Pecten opercularis, Cardium paucicostatum, Do- 
sinia lupinus etc. They are on the whole of com- 
paratively fine grain and are only rarely cross 
laminated. 


Another difference between the two classes is 
formed by the contents of brackish and fresh 
water material. The latter is derived from la- 
goonal deposits that are eroded by the waves at 
places where the sea floor is lowered and the 
shore is retreating. Shells of such brackish and 
fresh water species are more abundant in ”pure” 
sandstones than in the pelitic sandstones (table 
‘VD. The difference is easily explained by the 
comparatively small thickness of the lagoon sedi- 
ments in this part of the delta. Below a depth of 
a few metres there are probably no outcrops of 
these deposits on the sea floor. 


It may be concluded on account of these data 
that the slabs which are washed on the beach 
been cemented at depths between 0 and perhaps 
some 12 metres below sea level. It is not known 
whether cementation also takes place at lower 
levels. If stones are formed at depths considerably 
in excess of 12 metres they cannot be expected 
on the beaches, because of the insufficiency of 
wave turbulence to carty them upslope from their 
place of origin. 


It is clear that the stones on the beaches near 
Saintes Maries come from the submarine erosional 
environment which extends from the western 
parts of the bay of the Beauduc to southeast of 
the Espiguette. An origin from the eastern parts 
of this area seems to be the most likely. The 
derivation of the stones at the Espiguette is less 
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TABLE VI — MOLLUSC SHELLS IN RECENT 
SANDSTONES 


A-B: percentages of recent sandstones in which the 
various mollusc species are present. 

A: ”pure” sandstone (1) with dominant grain sizes of 
120—350 u. 

B: very slightly pelitic sandstone (2) with dominant 
grain sizes of 100—200 u and slightly pelitic sand- 
stone (3) with dominant grain sizes of 50—120 u. 
I—IV: total numbers of stones (regardless of lithology) 
in which species are present. 

I: west of Grau du Roi 

II: Espiguette 

III: Saintes Maries 

IV: other localities 
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6 7 9 5 


Barnea cand, 45 63 


certain. They differ from the specimens at Saintes 
Maries by their generally lower contents of 
brackish and fresh water material, and it seems 
probable that they come from a different source 
area. But it is quite possible that this area still 
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lies within the same general erosional environ- 
ment, for instance more towards the west. 

The circumstance that the majority of the 
stones, at least those at Saintes Maries, seem to be 
derived from an erosional environment may be 
interpreted in two different ways. It may either 
mean that certain strata, already cemented in the 
subsoil, are laid bare and broken into fragments 
in consequence of submarine erosion; or it may 
signify that some special conditions, proper to the 
erosional environment, lead to cementation of 
sediment at or closely below the sea floor. 

If the first hypothesis is correct, it would imply 
that most of the material comes from older, 
”subbrecent” sediments, deposited before the 
beginning of the erosional conditions. The geo- 
logical reconnaissance of the sea floor in the area 
between Saintes Maries and the Espiguette has 
shown that these older deposits are both of 
lagoonal and fluviomarine character. Old coastal 
barrier sediments, although not encountered, may 
also crop out, because the present coast-line cuts 
off a series of former beach ridges, which were 
formed at least a few thousand years ago (cf. 
Kruit, 1955). 

Now there are only few specimens among the 
cemented material that could be regarded as 
fluviomarine sediments while among the 50 
collected specimens that contain. mollusc shells 
only two might represent lagoonal deposits. One 
of these latter is a mudstone with 5 shells of 
Nassarius veticnlatus (Espiguette). The other is 
a (cross laminated) sandstone abounding in shells 
of Hydrobia acuta and Cardium edule, and con- 
taining furthermore a few bivalves (in horizontal 
position) of Abra ovata. All other sandstones are 
either devoid of mollusc shells, or they contain 
at least a few remains of open sea species. It 
would follow, that, if cementation takes place in 
the subsoil, most of it occurs in the former 
coastal barrier deposits. 

This does not seem an unlikely conclusion, if 
it may be assumed that the cementation process 
is in some way connected with the percolation 
of ground water. Then it would naturally be 
most pronounced in the highly permeable barrier 
sands. 

On the other hand, the radio-carbon analysis 
of mixed shell material in a specimen from 
Saintes Maries yielded an age of some 800 years, 
ie. much less than the age of the (probably) 
eroded coastal bartiers. This shows that at least 
some of the sandstones must be explained by 
quite recent cementation on the sea floor itself. 

An indication that not merely a few, but even 
a large part of the stones may be cemented in 
this manner, is that not a single specimen has 


been found which contained shell pairs of pele- 
cypods in the living position. All shells in the 
sandstones appear to have been transported from 
their original place before they were definitely 
embedded. 'This feature corresponds well with 
the erosional conditions prevailing in the source 
area at the present time. If the stones were 
derived from old, cemented barrier sands, formed 
during depositional periods, one would surely 
expect at least a certain number of stones with 
such bivalves in the position of life. Another 
indication that the material of the sandstones 
corresponds to the erosional conditions of the 
present environment, is the great abundance of 
scattered pebbles of (cemented) mud or layers 
of (cemented) mud pebbles. 

Ic would follow from the above conclusion of 
a very recent formation of the sandstones on the 
sea floor, that the cementation process does not 
penetrate very deeply into the bottom. It is 
known that in the area between Saintes Maries 
and the Espiguette sands of the cemented types 
are only present as thin patches or veneers on 
top of older sediments, formed in fluviomatine, 
lagoonal and (probably) depositional barrier en- 
vironments. If the cementation went deeper then 
a few inches one should find many more speci- 
mens derived from these older deposits. 

Nothing is known yet about the causes of 
cementation. But it would be hard to understand 
why thin, more or less isolated patches of sand, 
lying on top of a more or less pelitic substrate, 
should be particularly suitable material for this 
diagenetic process. It seems more likely that the 
cementation occurs at those places where recent 
sands are deposited on top of older sands, e.g. 
on old barrier formations that are truncated by 
the present coast. The calcium carbonate would 
then be precipitated at the places where the 
ground water in these large sand bodies comes 
into contact with the sea water. 


IX. SUMMARY 
The main factors determining the mollusc 
distribution on the Rhöne delta shelf are bottom 
texture, depth of water, sediment supply, and 
erosion. 
The average quantitative composition of the 
mollusc shell assemblages (> 2.5 mm) found on 


various bottom types is given in table III. 


The influence of depth is most apparent in 
the generally smaller numbers of species and 
specimens encountered in water of more than 
50 metres deep as compared to, those in 
shallower water. 

Sediment supply has a twofold effect on the 
distribution of mollusc shells. Firstly it has a 


generally unfavourable influence on the mollusc 
biocoenoses, and secondly it causes dilution of 
the organic remains with inorganic material 
(fig. 6, table IV). Where no sedimentation takes 
place at all, rich biocoenoses may develop, and 
their dead shells may accumulate in such quanti- 
ties as to produce a layer of coquina. This 
coquina is found most abundantly in the relative- 
ly shallow water on the western parts of the 
investigated shelf area (fig. 3), where the cross 
section of the east-west flowing sea current 
(fig. 10) is considerably smaller than on the 
eastern part. 

The erosional environments appear to be 
characterized by the abundance of shells of 
Barnea candıda (fig. 11), a species that bores 
into outcropping layers of well compacted clay. 

The character of the mollusc assemblages in 
the pelitic sands forming the bottom in the non- 
depositional areas on the outer shelf (fig. 1) 
cannot yet be satisfactorily interpreted. 

The malacological properties of the recent 
sandstones that are washed ashore by waves, 
point to an origin at various depths between 0 
and perhaps some 12 metres. It seems likely 
that they are formed by cementation of thin 
layers of sediment at the surface of the sea floor. 
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DAS GLÜHEN VON ALTSCHIENEN 


G. E. TUMMERS! 


ABSTRACT 
Mechanical tests have shown that, from the 
standpoint of safety, it is not necessary to normalise 
non-straightened old rails for use as bar material. 
However, it is necessary to effect an accurate visual 
test as to notches, especially in the foot of the rail. 


ZUSAMMENFASSUNG 


An Hand mechanischer Versuche wurde nachgewie- 
sen, dass es aus Sicherheitsgründen nicht erforderlich 
ist nicht-gerichtete Altschienen, vor Verwendung als 
Kappenmaterial, «zur Vermeidung von Sprödbrüchen 
normalisierend zu glühen. Es ist wohl notwendig, eine 
gewissenhafte visuelle Kontrolle auf Kerbe besonders 
im Fuss. der Schiene auszuüben. 


EINFÜHRUNG 

Bei Anwendung von Altschienen für Ausbau- 
kappen unter Tage ist es aus Gründen der Sicher- 
heit eine Frage (siehe z.B. „Das Glühen von Alt- 
schienen” von Dipl. Ing. Gerd. Schaefer-Rolffs, 
Bochum, in der Zeitschrift Schlägel und Eisen, 
Jahrg. 1958 April Nr. 4), ob diese Schienen vor 
Einsatz im Untertagebetrieb entweder normali- 
sierend geglüht werden müssen oder nicht. Be- 
fürworter sind der Auffassung, dass eine solche 
Glühbehandlung den Materialeigenschaften und 
demzufolge der Sicherheit selbst in ausreichen- 
dem Masse zugutekomme und aus diesem Grun- 
de wirtschaftlich zu verantworten sei. Schaefer 
hat im obengenannten Aufsatz folgendes be- 
merkt: „Beim Walzen hat die Schiene eine 
zusätliche Verfestigung des Gefüges erfahren, 
die allerdings auch mit einer Verbesserung der 
Verformungsfähigkeit parallel geht. Im Eisen- 
bahnbetrieb, unter dem millionenfachen Stössen 
der rollenden Räder, altert das Schienenmaterial 
dann. Es verfestigt sich weiter und versprödet 
zugleich. Dieganz hart gewordene Lauffläche kann 


! Leiter der Abt. Materialprüfung, Zentrallabo- 
torium, Staatsmijnen in Limburg, Niederlande 


dabei mehr oder weniger erkenntliche, oft mi- 
kroskopisch kleine Haarrisse davontragen. Da 
dies nach bestimmten, den Eisenbahntechnikern 
bekannten Jahren und Jahrzehnten immer ein-; 
tritt, wird die Schiene, nun zur Altschiene ge- 
worden, schliesslich ausgebaut”, und weiter: 
„Zum Glück für den Bergbau kennt die Technik 
eine Methode, Stahl, der durch seine Verwen- 
dung eine versprödende Gefügeänderung erlitten 
bat zu „regenerieren”. Dutch „normalisierendes 
Glühen” gewinnt der Stahl die Eigenschaften 
wieder, die er vor der Alterung und Versprödung 
hatte. Zugleich erfährt seine Zähigkeit eine Ver- 
besserung gegenüber dem ursprünglichen Walz- 
zustand”. 


Seit einigen Jahren werden Altschienen zur 
Verwendung als Ausbaumaterial im Untertage- 
betrieb bei den Staatsmijnen in Limburg nicht 
mehr normalisierend geglüht. Diese Massnahme 
gründet sich auf die Ergebnisse von Laborver- 
suchen und auf eine umfassende statistische 
Analyse von im Untertagebetrieb aufgetretenen 
Kappenbrüchen. Eine neulich von uns durchge- 
führte Laborversuch hat die Richtigkeit dieses 
Standpunktes abermals klar bestätigt. Dieser 
Aufsatz bezweckt, diese Versuche näher zu erör- 
tern. 


ALLGEMEINES 
Aus Sicherheitsgründen ist es notwendig, das 
Auftreten von Sprödbrüchen im Ausbaumaterial 
unter Tage möglichst zu vermeiden. Der sprin- 


‚gende Punkt ist hier, dass ein Zähbruch sich lang- 


sam ausbreitet, wobei eine deutlich sichtbare 
plastische Durchbiegung auftritt, die als War- 
nung dafür dienen kann, die betreffende Kappe 
rechtzeitig auszubauen. Ein Sprödbruch dahin- 
gegen tritt plötzlich auf, praktisch ohne vorher- 
gehende plastische Verformung, also ohne recht- 


zeitige Warnung. Es versteht sich mithin, dass 

ein Sprödbruch äusserst gefährlich sein kann. 

Nachfolgende Faktoren leisten dem Auftreten 

von Sprödbrüchen Vorschub: 

a) niedrige Temperatur; 

b) Belastungsgeschwindigkeit; 

©) kerbempfindliches Material; 

d) mehrachsiger Spannungszustand z.B. ungün- 
stige Profilform, Kerbe, usw. 


Kerbschlagzähigkeit in kgm/cm? 
(D.V.M.) 


40 


6) 20 


Bild 1 — Kerbschlagzähigkeit-Temperaturkurve von 
Schienenmaterial 


Angesichts der Temperatur (a) ist zu bemer- 
ken, dass diese unter Tage nur geringen Schwan- 
kungen unterliegt und übrigens bei Schienen- 
material einen relativ geringen Einfluss ausübt. 
Bild 1 zeigt den Verlauf der Kerbschlagzähigkeit 
einer Schiene im Lieferzustand mit der Tem- 
peratur (für die Stelle des Probestabes in der 
Schiene siehe Bild 2). In Bezug auf die Belas- 
tungsgeschwindigkeit (b) dürfen wir annehmen, 
dass es unter Tage sowohl eine Stossbelastung 
wie eine relativ langsame Belastungszunahme 
auf den Ausbaukappen gibt. Wir haben deshalb 


Kerbschlagprobe 


N Zugprobe 


Bild 2 — Stelle der Probestäbe für die mechanische 
Prüfung der Schiene 
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sowohl langsame Biegeversuche wie Schlagsbie- 
geversuche angestellt. 

In Bezug auf das Material (c) sei folgendes 
bemerkt: 
Tafel 1 zeigt eine mittlere Analyse, während 
Tafel 2 den Mittelwert der mechanischen Eigen- 
schaften von Schienenmaterial gibt. In Tafel 3 
ist weiter die Kerbschlagzähigkeit der bei den 
Versuchen untersuchten Schienen angegeben. 


TAREL 1 

Mittlere Analyse von untersuchtem Schienen- 
material 

C% Si% Mn% P% s%:  N% 


0.40 0,10 0,90 0.015 


0,04 0,05 
Bild 2 zeigt die Stelle, wo die Zug- und Kerb- 
schlagstäbe aus der Schiene herausgearbeitet sind. 
Aus Tafel 3 ist ersichtlich, dass die Kerb- 
schlagzähigkeit auch bei normalisierend geglüh- 
tem Zustand der Schiene niedrig ist. Dies ist 
leicht zu verstehen, da wie bekannt, Material mit 
hohem C-Gehalt sehr kerbempfindlich ist. Vor- 
greifend auf die Versuchsergebnisse ist es des- 
halb nicht überraschend, dass, wie sich heraus- 
stellen wird, in Anbetracht eines Sprödbruchs 
die Anwesenheit eines Kerbes (d) eine bedeu- 
tend wichtigere Rolle spielt als eine normalisie- 
rende Wärmebehandlung. 


al! 


DURCHFÜHRUNG DER VERSUCHE 

Kappschienen werden unter Tage normaler 
Weise so angebracht, dass der Fuss auf Zug be- 
ansprucht wird. Der abgenutzte und härter ge- 
wordene Kopf (siehe Tafel 2) der Schiene wird 
dennach fast stets auf Druck beansprucht. Die 
Erfahrung zeigt dass es als eine Ausnahme be- 
trachtet werden muss dass unter Tage ein Kapp- 
bruch vom Kopfe der Schiene ausgegangen ist. 
Ein solcher Ausnahmefall kann zum Beispiel 
möglich sein, wenn eine starke Überwalzung im 
Kopf, entstanden im Eisenbahnbetrieb, anwesend 
ist und zugleich die Schiene eine deutliche seit- 
liche Ausknickung erfahren hat. Solche Über- 
walzungen sind denn auch nicht zulässig. Eine 
Glühbehandlung kann natürlich keine Verbesse- 
rung bringen. 


950 mm 


_ un 
\ 


Bild 3 — Biegeversuch mit Schiene 
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TAFEL 2 
Mittlere mechanische Eigenschaften vom untersuchtem Schienenmaterial 


Zug- 
h festigkeit Pliessgrenze 
Zustand Altschiene on m 
(ke/mm?) (ke/mm®) 
Lieferzustand 70,2 35,5 
Normal, geglüht 68,1 36,0 


Künstlich gealtert 
(10% Recken, Y h 
auf 250° C) 


1900 mm 


m 
Bild A 


Schlagversuch mit Schiene 
Sin 


—— | Bi | 2 mm 
a9 


Bild 5 — Kerb in der Schiene über die ganze Breite 


des Fusses 


S mm 
Bild 6 — Örtlicher Kerb im Fuss der Schiene (Süge- 
schnitt) 


Die Schienen wurden bei unseren Versuchen 
in der Weise erprobt, wie in Bild 3 (Biegever- 


Kerbschlag- Hütte 
Eure Rinschnürung 0) Kopf Fuss 
0/ 0/ er IHv Hv 
(9) (0) kam a, 
23,0 43 2,5 260 200 
24,3 45 4,0 200 200 
0:5 


suche) und Bild 4 (Schlagversuche) angegeben 
Ist, 

Die Biegeversuche fanden in unserem Labora- 
torium statt, während die Schlagversuche im 
Laboratorium der Niederländischen Bisenbahnen 
A.G, in Utrecht durchgeführt wurden, Letztere 
Versuche erfolgten entsprechend den Lieferbe- 
dingungen der U.LC, (Union Internationale des 
Chemins de fer, Paris), Hierbei Fülle von be- 
stimmter Höhe h ein Gewicht G (1000 kg) auf 
die Mitte des Schienenkopfes. 

Sowohl mit den leichten Profilen (34-36 
ka/m) wie mit den schweren Profilen ‚(48 
lip/m) wurden Versuche angestellt, in denen 
nachstehende Fälle auftraten! 
|, Schiene im Lieferzustand,. 

?, Schiene normalisierend geglüht (1 h 
810-830° C Abkühlung an der Luft). 

3, Schiene ohne Kerb. 

4. Schiene mit über die ganze Breite des Fusses 

verschenem Kerb (siehe Bild 5). 
>. Schiene mit nur örtlich einem Kerb. im Fuss 

(siche Bild 6), 

Simtliche Schienenproben desselben Typus wur- 
den stets aus einer einzigen Schiene zur Länge 
von 10 bis 15 m hergestellt, 


auf 


TAFEL 3 
DVM-Kerbschlagzühigkeit von untersuchtem Schienenmaterial 


Lieferzustand 


Schienentypus (kam/cm®) 
Messwerte Mittel» 
werte 
Krupp 1921 1,9—1,0—1, 1:8 
Cockerill 1910 3,02 3,9 
Ougr&e 1910 ABB 1,d—2,4 1,9 
Hoes S.C.A, 1914 1,4—3,6—2,0 2,3 


Normalisierend Künstlich gealtert 


geglüht (10% Recken, Y% h 
auf 250° G) 
(kam/cem®) (kem/cm®) 
Messwerte Mittel- Messwerte Mittel» 
werte werte 


0) 3, 
4,0 34,9 A,d 
5,07 4,7 
3,3, 7,3 3,8 


0,20 0,5 
060,706 06 
04067 06 
0,3—0,4— 0,6 0,4 


TAEFEL 4 
Ergebnisse der Biegeversuche nach Bild 3 


Kinsalheiten 


Schienentypus Maxinal- 


belastung 
in Tonnen 


Durch» Bruob- 


blagung 
in om 


rt 
42,2 6,0 spröde 
47, 5 " 
57,2 50,9 
52,9 kein Bruch a4) ) kein Bruch 
53,9 
52,9 6,0 spröde 50,8 6,0 spröde || Kerb über dia 
ganze Nraite y 
55,5 6,0 49,9 5,0 Funsen (Nild 5) 


= 0 60,0 | 
kai Bruch kein Bruch Inont gikerıt 


ganze Breite den 


Kerb (ber die 
Fuanen (Mid S) 


Krupp 1921 
(34 ke/n) 


= gekartıt 


Cockerill 1910 
(36 ka/a) 


TAFEL 5 
Ergebnis der Schlagversuche nach Bild 4 


Lieferzustand Nach normal, Qllihen 


Schienentypus Kinkelheiten 


kein kein | nioht gekerbt 
Bruch Bruch 
De 1910 
{ber die ganse 
Breite des Tusnen 
gokerbt (Bild 5) 


kein 
Druch 


nioht gekerbt 


Hoes SCA 
a , nur örtlioh im 
36 kg/n) N ' unse der Sohlane 
gokerbt. (SNge- 
sohnitt) (Dild 6) 
14 
14 Bruch 


ar 
I 


B ZIEE 


TORE nioht gekerbt 

Cockerill 1910 

(36 ke/n) spröde | 1,25 nur Örtlich im 
lunse der Sohione 


gekerbt (Sfge- 
nohnitt) (Mid 6) 


02 


1) a = die Anzahl Male, die das Gewicht G von der Höhe h hinunterfallen musste, um die angegebene 
Durchbiegung zu erreichen oder einen Bruch herbeizuführen. 


Bild 7a 
ERGEBNIS DER VERSUCHE 

Die Ergebnisse der Versuche sind in den 
Tafeln 4 und 5 zusammengefasst. Es sei bemerkt, 
dass die Schiene in den Fällen, wo kein Bruch 
auftritt, sowohl bei den Biege- wie den Schlag- 
versuchen in der Regel eine bedeutende seitliche 
Knickung aufwies. Bei den Biegeversuchen 
musste darauf der Versuch eingestellt werden, 
weil entweder die Maximalbelastung. der Presse 
nämlich 60 t oder aber die für die Presse zu- 
lässige Maximaldurchbiegung nämlich 15 cm bei 
einer Auflagerentfernung von etwa 1000 mm 
erreicht war. Bei den Schlagversuchen wurde der 
Versuch bei einer Durchbiegung von über 10 cm 
entsprechend der in obengenannten Lieferbedin- 
gungen der U.I.C. an neue Schienen eingestellt. 
Es ist klar, dass in diesen Fällen eine Fortfüh- 
rung des Versuchs in Bezug auf das Auftreten 
eines Sprödbruchs von keiner praktischen Be- 
deutung ist. 
a. Biegeversuche 
b. Schlagversuche 


Die Bilder 7a, 7b, Sa und Sb zeigen ein Bei- 
spiel von zerbrochenen bzw. gebogenen Schienen 
nach Erprobung. 


Bild 7b 


Schiene Cockerill 1910 mit Kerb (nach Bild 5) im 


Fuss nach dem Biegeversuch ß 


L = Lieferzustand 
N = nach normalisierendem Glühen 


Be. 


[1.77 


Bild Sa 

BESPRECHUNG DER VERSUCHSERGEBNISSE 

Die in den Tafeln 4 und 5 dargestellten Kr- 
gebnisse lassen an Deutlichkeit nicht zu wün- 
schen übrig, Wenn sich im Fusse der 
Schiene ein Ketb befunden hat, 
trat Sprödbruch auf, gleichgültig 
ob die Schiene normalisierend ge 
glüht. wat oder sich im Lieferzu- 
stand befand. Das Material ist auch im 
normal geglühten Zustand sprödbruchempfind- 
lich, Für eine sichere Anwendung einer Schiene 
als Ausbaukappe im Untertagebetrieb ist denn- 
auch eine genaue visuelle Überprüfung der 
Schiene insbesondere des Schienenfusses auf Be- 
schädigungen von wesentlicher Bedeutung. Die 
statistische Analyse der unter Tage auftretenden 
Sprödbrüche in der Kappe, von denen in der 
Einführung dieses Aufsatzes die Rede war, be- 
zeichnete nachfolgende Faktoren als die wich- 
tigsten Ursachen für die Entstehung von Spröd- 
brüchen in Altschienen: 
a) starker Frass durch Rostwirkung speziell im 

Fuss der Schiene; 
b) Kerbe im Fuss der Schiene (z.B. Markschei- 

der- Sägeschnitte oder Beschädigungen vom 
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Bild 8b 


Gleiche Schiene von Bild 7 (Cockerill 1910) ohne Kerl 
im Puss nach dem Bioxeversuch 


Richteisen beim Warmsichten er Schiene); 
€) gebrannte Löcher im Fuss Steg dei 

Schiene; 

d) Überhitzung durch unaweckmiässige Wärme 
behandlung; 
e) Überwalzungen im Kopt der Schiene, 

Im Hinblick auf obengenannte Resultate hat 
der Sicherheitsdienst der Staaesinijnen denn auch 
mie Recht eine genaue visuelle Prüfung sum 
liches für Kappen vorgesehenen Schlenenmate 


odei 


als vorgeschrieben, Schienen, die mich einer 
solchen Prüfung als Kappschienen Für tauglich 
befunden werden, brauchen nicht normalisierend 
geglüht zu werden, 

ls sel bemerkt, dass obige Bermchtungen sich 
ausschliesslich auf gernde Schienen beziehen, 
Bezüglich Schienen, die verbogen und deshalb zu 
richten sind, haben wir nach auslührlichen Ver 
suchen nachgewiessen, dass dies entweder warm 
zu erfolgen hat oder kalt mie anschliessendem 
spannungsfreiem Glühen (1 h bei 650 "C Ab- 
kühlung in ruhender Lufo) oder normalisieren 
dem Glühen (1 h bei 810-850 °C Abkühlung 
in ruhender Luft). 
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OPERATIONAL RESEARCH IN MINING') 


D. HICKS? 


THE GENERAL NATURE OF OPERATIONAL 
RESEARCH 

The intention of this paper is not to make a 
contribution to the practice of operational re- 
search. The purpose is to gather together some 
thoughts on the scope of operational research, to 
indicate in what it consists and to establish its 
claim as a powerful weapon for raising ultimately 
the efficiency of industrial activities. 

In the last war the higher management of the 


Services called in scientists of many disciplines to 


help them in solving problems relating to 
weapons, machines, tactics and strategy. The 
scientists, who lived with the fighting men, were 
organized into teams and they addressed 


themselves to the problems that were troubling 
the soldiers, sailors and airmen, particularly those 
problems which were concerned with the best use 
of available resoutces. 

It was as a result of these activities that oper- 
ational research became identified by some people 
as a separate branch of science in its own right. 
Since the war, the methods of operational research 
have been developed and extended to the study 
of a wide range of industrial and management 
problems. Some of the people who practise the 
science are still a little uncertain as to the ulti- 
mate status of the subject, and this is evident 
from the frequent debates on the definition of 
operational research. The more commonly accepted 
definition is that it is the application of the 
scientific method to the study of operations in 
order to provide executives with a quantitative 
basis for making decisions affecting the operations 
under their control. This definition which is 
probably adequate for most purposes, omits any 
reference to the ultimate goal of the operational 
research worker, which is to provide optimal 


1 Lecture given over to the Royal Netherlands 
Geological and Mining Society on the 27th. November 
at Heerlen. 

The contents of the present article are borrowed 
from the book entitled "Research, a signpost to better 
management” with kind permission of the British 
Institute of Management. 

2 Director of Scientific Control National Coal Board. 


solutions to the problems that concern executives, 
or in the more limited sphere of, say, production, 
to study the conditions that will ensure the maxi- 
mum use of resources at the minimum of cost 
commensurate with achieving the agreed speci- 
fication for the finished product. 


Modern businesses, like modern processes, are 


becoming more and more complex and the, 


management function has had to be broken down 
into components differentiated by limited fields 
of activity. Within the broad functional depart- 
ments of, say, production, marketing, finance and 
industrial relations, further sub-division into 
branches and sections, each with specialist 
responsibilities, seems to have become essential. 
Each functional agency has the task of developing 
a clear purpose of its own with a view to maxi- 
mizing the resources available to it. But not 
infrequently objectives of the various parts of the 
organization arrived at in this independent way 
may be in conflict. For exemple, the ideal ob- 
jectives of production may not coincide with 
those of the sales organization, and both may be 
out of step with the ideal solution of those con- 
cerned with the labour problems. The executive 
management has to resolve these differences in a 
way that is best for the organization as a whole. 


In the end, if the optimum solution is to be found, 
the system as a whole must be studied. As a result, 
management may frequently have to cut actoss 
the functional lines and create a design approriate 
to the complete organization. We have, therefore, 
two broad objectives for the operational research 
worker, namely, to maximize results in the sepa- 
rate functional channels and then to get an overall 
result for the system as a whole. 


The operational research worker can claim no 
originality for so identifying the nature of his 
problem. Indeed, it may be said that this has 
always been the inherent problem of management, 
and success has fallen to those who have achieved 
the best solutions by their personal skill, judment 
and tenacity, often totally unaided by the devices 
that scientific method can provide. It seems 
reasonable to believe that by a wider application 


of scientific method the chances of success will 
be greatly increased. 


In the large and complex industrial and govern- 
ment concern of today, the consequences of defects 
in the organization and of failure to reach 
optimum decisions are very great. The risks in- 
volved in extending the regions of uncertainty 
are, in many cases, such that they cannot be 
contemplated with indifference. Consequently, it 
would seem no more than prudent to extend the 
use of the scientific method as already outlined 
to the study of operations within each manage- 
ment function and of the system as a whole. The 
latter is more difficult, but is probably, in general, 
the more urgent. 


There seems to be no alternative to the develop- 
ment and use of specialist services and functional 
responsibility and, as mentioned earlier, each 
must be urged to maximize their efforts. It is, 
however, too much to expect a specialist, who is 
inevitably preoccupied with his own expertize, to 
be fully aware of the impact of his activities on 
other specialist functions. On this account alone 
there is a pressing need for an overall study of the 
many functions from which a balanced and 
optimal policy and procedure will emerge. The 
study of whole systems is not yet developed 
greatly or in any formal way in this country, but 
in America it is already recognized as one of the 
main targets of operational research. Professor 
R. L. Ackoff pointed out recently in an address 
to the Field Investigation Group of the National 
Coal Board that industries in the U.S.A. have 
been fairly thoroughly researched at the level of 
the various functions for the past 30 or more 
years. He said that, in contrast to this country, 
there is not very much to be gained in most major 
industries in the United States by merely 
examining production problems, marketing 
problems, financial problems or personnel prob- 
lems in isolation. This has meant that the oper- 
atianal research man moving into American 
industry has been encouraged to deal with the 
interactions of industrial functions and the organi- 
zations as a whole, and therefore there is a 
growing emphasis on the development of mathe- 
matical techniques and methods to handle the 
complex problems of the total system. 


At whatever level the operational research is 
carried out, be it in the limited field of, say, 
comparing the performance of different machines 
or equipment, or in the somewhat wider field of 
studying the performance of two or more different 
machines working together, or in the higher realm 
of strategy and policy, the task is essentially one 
of first identifying and measuring the important 
factors and variables and then going on to specify 
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quantitatively how these can be balanced to give 
the maximum effects. It is often an over- 
simplification to speak of an optimum result, 
because in many instances a number of different 
solutions are possible and equally effective. 
Sizeable changes in the variables may in some 
instances not greatly affect the result, but in 
others the solution may be highly selective and 
even slight changes in the variables may have a 
profound effect. 


THE SCIENTIFIC METHOD 

The stimulus and compelling interest in the 
subject to the scientist is probably that it deals 
basically with the problems of conflict and the 
need to resolve this conflict for the benefit of 
the whole. As has been said, there is nothing 
unique or exceptional about the methods that are 
adopted by the operational research worker; they 
are essentially the same as those used in all the 
sciences. One of the first steps in a ready ac- 
ceptance of operational research is the recognition 
and understanding by management of the main 
components of the scientific method. If these are 
clearly comprehended and their commonsense 
element recognized, then the chances that oper- 
ational research will be given a fair trial are 
greatly improved. 

The procedures of science can for convenience 
be broken down into the following steps: 


(1) Stating the problem. 

(2) Observing and collecting the relevant data. 

(3) Classifying the data. 

(4) Deriving a theory and mathematical model 
on the basis of the known information in 
order to represent the problem under con- 
sideration. 

(5) Testing the theory and the solution derived 
from it, so that exceptions may be identified. 

(6) Formulating a final theory with the controls 
and forecasting results. 

(7) Testing the solution. 

Hardly ever can any of these steps be omitted, 
and consequently it is dangerous to attempt short- 
cuts. It would be deveiving management if the 
scientists suggested that quick answers can be 
provided to many of the problems that may be 
posed to them. There are, of course, brilliant 
exceptions, but for the average scientist these 
should only be taken as warnings, though the 
discipline that scientific procedures impose will 
always be subject to the influence of the imagi- 
nation of those who engage in scientific work. 

In most organizations the problems that trouble 
management are not uniformly identified and 
there are frequently many individual assessments 
as to what are the problems and the possible 
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solutions to them. One of the objects of the 
operational research worker is to delete as many 
of these individual interpretations as-possible and 
to endeavour to establish an impersonal approach 
in which the effects of the situtation not only 
reveal the nature of the problem but eventually 
lead to its solution. It may now be useful to 
comment briefly on some of the steps which the 
scientist has to take if he is to make a useful 
contribution to the solution of management 
problems. In the present state of its development, 
operational research is still seeking the best 
methods, techniques and tools under each of the 
above headings, and it can be said with some 
confidence that great progress is being made in 
their discovery. 


Stating the problem 


A clear statement of the problem is an essential 
safeguard, both for the research worker and the 
management. There should be no uncertainty 
between them as to what is being studied and 
what the ultimate objective is. Not infrequently, 
as investigations proceed, however, the problem 
as first stated turns out to be less important than 
another which crystallizes as the essential data are 
collected and classified. This may call for a change 
of emphasis in the investigation, but before any 
radical alteration to the programme is made the 
management should be informed and convinced 
of the need for such change. 


There is a considerable responsibility on 
management and the research worker to try to 
recognize and formulate the problems of the 
particular industry in time for them to be studied 
properly. If the research worker has to make a 
hasty appraisal and provide snap conclusions the 
chances of error are greatly increased. In the end, 
it is the study of the long term basic problems of 
the industry that really matter. It cannot be too 
strongly emphasized that the time spent identi- 
fying the problems that really are worrying 
management, and clarifying the methods of 
studying them, will be repaid handsomely in the 
later stages of the research. 


Collecting the data 


Experience shows that only rarely does the 
normal accounting and statistical machine provide 
the relevant data in the detail and form necessary 
for studying the problem in question. Conse- 


quently, the first task of the operational research : 


workers is to collect their data. This task is often 
time-consuming and tedious, but it must be 
carried out meticulously. There is still much to be 
learned about the collection of data and the 
accuracy of the information accumulated. There 
is a common tendency to look on this part of the 


job as a necessary evil involving much drudgery, 
but the incidental benefits derived in searching 
out the data are sometimes as valuable as the 
solution of the particular problem being studied. 
Unsuspected faults in the organization and short- 
comings in technical procedures are not in- 
frequently revealed during the process of as- 
sembling the basic information. The correction of 
these faults can contribute substantially to the 
improvement of efficiency. 

The skill of the analyst will decide how much 
information should be collected and what degree 
of refinement of the data is necessary to. solve the 
problem. Lest it be thought that only accurate 
and comprehensive data can be analysed and that 
the last word in refinement and accuracy is 
essential, it must be emphasized that many 
problems have to be studied by analysing quali- 
tative assessments and subjective data. Surveys by 
interview and questionnaires produce mainly 
unquantified data and many industrial trials of 
materials and equipment can only be assessed in 
a qualitative fashion. Techniques have been 
devised for handling this sort of information and 
a system of scoring does make possible a limited 
mathematical treatment. These approximate 
methods should not be ignored, and provided 
their limitations are recognized and the con- 
clusions of the analyst put to the test, they can 
frequently provide a quicker result than more 
refined methods. Indeed this may be the only 
route to follow when quantitative data are not 
available or can only be obtained at great expense. 


Classifying data and deriving a theory 


The classification of the data and the derivation 
of an acceptable theory and mathematical model 
on the basis of the collected information is the 
core of the science. The progress of the science 
of operational research is to some extent de- 
pendent on the development of a satisfactory 
methodology, and some agreement on methods is 
desirable and indeed ultimately necessary. But at 
this stage, it may be that if undue prominence is 
given to methodology the ultimate growth of the 
science may be impeded. 

The methods and tools are the specialities of 
the scientist and as such are of greater interest to 
him than to management, who are mainly con- 
cerned with the application of the results. It would 
be unfortunate if operational research came to be 
classified and sub-divided in terms of the methods 
too soon, and the present tendency to do so 
should, perhaps, be resisted. It must be emphasized 
that there is a wide field of activity where the 
application of comparatively simple theory and 
elementary algebra is sufficient to provide very 
useful and profitable conclusions; where much 
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of the data is coarse, complex mathematical 
treatment would obviously be a waste of effort. 
Although the techniques are essentially the tools 
of the specialist, a commonsense presentation of 
them and some agreement on method between 
the scientist and management is desirable, es- 
pecially as some of the methods involve heavy 
expenditure in the collection of data and sub- 
sequent analysis with the aid of computing ma- 
chines. 

Very powerful methods are now being de- 
veloped to deal with a variety of problems and 
especially the overall system problems referred to 
earlier, the mathematical statistician is daily 
adding to the tools available to the operational 
research worker. Linear programming, the theory 
of games, the theory of queues with variations, 
and the mathematical models describing produc- 
tion and inventory control systems are being more 
and more used for the solution of a wide variety 
of problems. It would seem essential that in every 
operational research group there should be at 
least one good mathematician alive to all the 
potentialities of modern mathematical develop- 
ments. Even so, there is a considerable responsi- 
bility on those who direct operational research 
groups to ensure that the development of methods 
and tools should not obtrude unduly and beyond 
their usefulness to the subjects under study. There 
is NOW a greater incentive to tackle a wide range 
of problems using these modern mathematical 
devices, because of the help in obtaining a solution 
that is offered by the electronic computer. It is 
largely on account of this prodigious increase in 
the speed of computation that many problems can 
now be studied that hitherto were too complex 
for a solution to be expected in any reasonable 
time. 


Testing ie theory and the solutions 


The conclusions and theoretical solutions 
derived from the classification and analysis of the 
data must eventually be put to the test of direct 
observation. Any failure to make a rigorous check 
on the conclusions of the operational research 
worker would be to the ultimate disadvantage of 
the growth of this particular branch of science. 
It is only when the conclusions survive experi- 
mental trial in use that the methods and pro- 
cedures can be accepted as fundamentally sound. 
Where the conclusions fail, another proof must 
be sought and further tests for exceptions carried 
out until a satisfactory theory is formulated. 

Sometimes the conclusions of the operational 
research worker appear to be startling in their 
implications, both in respect of capital investment 
and organization. Because of this, there is need 
to develop a procedure whereby the conclusions 
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can tested on a sample basis to judge their ulti- 
mate value. This is the experimental side of the 
subject and the part that is, as yet, least understood, 
The complexity and scale of modern industry 
makes it difficult and costly to experiment and 
more needs to be known about the methods of 
large-scale experiments and how they can be 
conducted without excessive risk. This is an aspecı 
of operational research calling for development 
in the coming years. Already the use of physical 
analogues and the use of analogies from other 
sciences are assisting in the testing of theory 
without the risks of upsetting current industrial 
practices. Some very interesting work along these 
lines is being done in this country. 


RELATIONSHIP BETWEEN MANAGEMENT AND 
THE OPERATIONAL RESEARCH WORKER 
The trainings and disciplines of management 

are, in certain essentials, different from those ol 
the scientists, and, if the results of the operational 
research are to be fully effective, the misunder- 
standings and difficulties to which these differ 
ences frequently give rise must be resolved; the 
greater responsibility for doing this probably rests 
with the scientists. The scientist asks for time to 
collect his data and present his analysis and con- 
clusions which may, in a particuar instance, be 
much longer than the manager can afford to wait, 
There is here a conflict, But as many of the 
problems which management are confronted with 
daily are of a recurring character and, therefore, 
have certain long-term features, it should not be 
difficult to formulate che problems and the basis 
for investigation by the operational research 
group in such a manner as to provide adequate 
time for the study. 

Over-anxiety on the part of the scientist to pro 
vide a complete solution may militate against a 
proper co-operation with management, and conse- 
quently the operational research worker must be 
prepared if necessary to approximate and arrive at 
an interim or incomplete solution. This frequently 
has been found to be invaluable; it is perhaps too 
obvious to say that progress is often brought 
about by a series of approximations and partial 
solutions. Whatever solutions are offered, it is 
imperative that the scientist should make clear to 
management what degree of confidence can be 
placed in the results. To present the results and 
conclusions in a form which implies extreme 
accuracy would be misleading and would 
frequently defeat its purpose. In this field of 
study, as in many other scientific studies, there 
are often wide confidence limits to the final result, 
In addition, because many of the techniques used 
by the operational research worker are complicated 
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and mathematical in character, there is an added 
responsibility for the scientist to explain his pro- 
cedures and conclusions to management in simple 
and common-sense terms, stressing always that 
the accuracy of the final answer is no greater than 
that of the original data. 

There is another consideration here which is 
important in determining the relationships 
between the operational research group and 
management, namely, that it may be unwise to 
strive for a perfect result which, as R. L. Ackoff 
says, 'has a low probability of being accepted by 
management‘, and he added that 'it would be 
much better to have a result which is less perfect 
but which has some probability of being accepted.’ 

In the long run the acceptance of this branch 
of science by management depends on the value of 
the results achieved, and in the early days of its 
application to any particular industry, success 
should not be jeopardized by attempting too 
much and on too wide a front. In many circum- 
stances it may be preferable to establish the 
methods and confidence in the results by tackling 
the simpler problems such as those concerned 
with equipmeht and the specification of final 
products, rather than to embark on the more 
difficult and complex problems of operational 
control and those connected with the wider field 
of planning and "whole system’ control. 


A FEW EXAMPLES 

The purpose of this paper would perhaps not 
be fulfilled without a few examples to illustrate 
some of the general principles that have been 
expounded. The choice has to be somewhat 
arbitrary and cannot be fitted into a neat pattern. 
At the best the examples can do no more than 
illustrate the practical usefulness of the results 
and possibly indicate in a small way the unex- 
pectedness of a few of the conclusions. 

There is a growing and fascinating literature on 
the theory and practice of operational research 
with a lengthening list of case studies, and anyone 
who is, really interested in following up this 
subject to test its applicability to their particular 
circumstances should consult some of the more 
recent publications such as "Introduction to Oper- 
ations Research” by C. W. Churchman, R. L. 
Ackoff and E. L. Arnoff. There are also periodicals 
such as the Journal of the Operational Research 
Society and the American "Operations Research”, 


The steady growth, both in range and depth, of ° 


the application of operational research to current 
management problems throughout the world was 
strikingly brought out in the papers presented to 
the International Conference on Operational 
Research held at Oxford in September of this 
year. 


A study of equipment 

One of the first problems put to the Field 
Investigation Group of the National Coal Board 
was to assess the relative merits and economics 
of the different forms of transport systems 
presently used underground. There are three main 
systems, namely, rope haulages, belt conveyors 
and transport by locomotives, with variations of 
each of these (for example, the locomotives may 
be diesel driven or battery driven). 


The first task was to assembie the cost data for 
all the systems under varying conditions, classi- 
fying the information of certain well-defined com- 
ponents such as capital depreciation and interest, 
operating labour, maintenance cost and energy 
cost, etc. The next step was to establish the 
relationships of each of these with length of haul, 
gradient and tonnage carried. Fairly accurate 
relationshipe were established from which it was 
possible to calculate the running costs of each of 
these systems for a particular set of conditions. 
In this way it was possible to determine the 
cheapest system for any given set of conditions. 
The confidence limits of the calculated costs were 
established and so it was possible to decide when 
the calculated differences were significant. 


It was found that in many circumstances the 
calculated running costs of the different systems 
were not greatly different, although for level 
roads with high tonnages the locomotive haulages 
were generally the most economical. This study 
led to the interesting conclusion that in the over- 
all consideration of underground haulage costs 
under many present-day conditions, the manage- 
ments task at many existing collieries was to 
concentrate mainly in improving the efficiency 
of existing systems and to consider embarking on 
a programme of replacing one system by another 
only when substantial reorganization for other 
reasons was necessary. 


There were many valuable incidental con- 
clusions from this investigation. For example, it 
was shown that one of the major cost components 
in conveying systems wat that attributable to belt 
replacement, and the life of conveyor belting was 
therefore critical. This directed attention to the 
factors which determine belt life. There was a 
most interesting conclusion to this part of the 
investigation when it was found that the major 
factor was accidental damage. Life was not unduly 
affected by normal wear, meaning that under 
many of the conditions obtaining underground 
belts had to be replaced because of damage 
oftener than because they were worn out. In order 
to achieve some improvement in belt life, it was 
necessary then to consider afresh the details of 
the specification for belting, and particularly to 


study those properties which determine the 
behaviour of the belt when subjected to accidental 
damage, 

This example has been denle wich at some 
lengeh to illuserate chat a project which started 
wich a faiely simple objective of comparing the 
merits of different types of equipment went on to 
a more detailed examination of maintenance and 
opernting factors, and ultimately to the basik 
specilientions of the equipment in question. 
Clearly identified research and development 
projects also emerged and, over and above this, 
essential «data were assernbled which provided a 
basis for judging the competitive nature of new 
types and forms of transport, 


Specificahions of the finished produen 
The above example deals briefly wich the rela 

tive performances ol differene machines and 
equipment and the ultimate specikication ol 
certain fenrures of these machines to meer known 
eircumstances, This is one aspect of specification, 
but management is Frequently more concerner 
with the specilication of its finished products 
Sittig of the Netherlands Consultants for Applied 
Statistics has described at che recent International 
Conference on Operational Research an inventl 
gation into the size system for rendy-made 
garments, In the Netherlands, as in most other 
countries, the size system for rendy»made garments 
was for a long time unsatisfactory, and a large 
part of the population, including both men and 
women, could not wear ready-made clothes, while 
another part could only wear chem after they had 
been altered, The problem with which the manu 
facturers are confronted is that Fitting clothen 
have t0 be manufnerured for people whose nizen 
are unknown at che time ol the manulacture, To 
create a rational size system for garmenes, It 
necessary to know! 

(1) the average body mensurements of the popu 
lation, and che relations berween these une 
the mensurements of garments, nnd 

(2) the tolerance ol these mensurementn 

The problem is (0 determine what number of 
different sizes would be economically justified, 

The consequences of restrietions in the number 

of sizey are (4) in the saving In cost of produetion 

and distribunion; (b) che reduction In che per 
centage of the population which can buy rendy- 
made clothes; and (ce) the expensen for having the 
elothes altered in the shop where they were 

bought, as a result of imperfect fireing, (7) 

pe with (b) and (ec), It was, therefore, nacen 

sary (0 study each of these components ol the 

problem and 16 areive at a balanced solutlon, A 

large number of size mensuremenes and Kieting 

tests were carried out, "The ranulıs For women 


tal 


showed that the admissible tolerances were about 
twice as large as the experts had hitherto believeil 
them to be, and similar results were obtained foı 
men, 'Uhe size system evenmally arrived ar foı 
Iadies’ went comprised fourteen «iflerent siros loı 
dresses, and it was found that chis size system 
enabled prmetically every austomer to be saristieil 
The estimated advanınges ol 
speeifications for the finished produers of the 
garment industry has been estimated hy); Sieg 
(0 amount to some millions ol ehe 
Netherlands alone, 

Similar studies have been made In chis counen 
bij che staff of the British Boot, Shoe and Allleil 
Trades Resenrch Assoclation, working In full co 
operation with the manulnerueing Hrms IR 
Manning of chis Assoclanton has recently published 
an account ol Fieting enials and has demonstrtorl 
some grenely Improved techniques for handling 
(he data to arrive at the mnge ol shoes the will 
sucisly the maximum proportion ol che population 
at the commercial level ol fit 


these Improvenl 


dollar in 


The maximum use o] reiowrces and equipment 

", D, Robinson and W, E, Duckworth of che 
Glacier Metal Company Led In a paper eneitlor 
"An applieation ol Queueing Theory to the Spoe« 
ol Rseimaring', desoribed how It was nocensary 10 
speed up the procedure for quoting prices 10 
customers for a particular type ol produen, "The 
first analysis showed that the delays were being 
enusedl by congention In che Ustimating De 
partmenes, The OÖperational Ronenrch Group 
examined che origin and nature ol this congestion 
in the Iight of queueing theory and chey used the 
Monte Carlo Method of che "Theory ol Gaumen 10 
nasons the olleces ol nuggented modikientons In 
the organizntion and practices ol the Katimating 
Deparement, Ihe solution to the problem, which 
Involved the study of che procedures and times 
taken In varlous departmenes, showed how many 
entimators were necessary In the parteular de 
parement where the maximum delays occurred 
The  recommencdatlons, which involved the 
complement of che entf and their taining, were 
put into effect, considerably since the originnl 
Ins Aluerunted considerably since the original 
Inventlgation, the Katimating Section In now able 
to cope wich all the work and delays have been 
largely ellminnted, A number ol interesting Incons 
ol the methods of analysis ol the dam were 
stucheel during the coume of the Invertigation, 
und varlous Improved annlyeical techniques have 
been developed which will probably have a wider 
application, 

his Is a compamelivoly simple example of the 
more general and complex problem of congention 
in ernffle and communlention systems which has 
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received much attention from operational 
research workers in many countries and there are 
many studies reported in the literature. In this 
country the work of the Government’s Road 
Research Laboratory of DSIR is worthy of close 
study, 

There are other aspects of transport and depot 
problems which lend themselves to scientific 
analysis. They are mainly concerned with 
minimizing transport and depot costs. For 
example, J. Stringer of the Central Electricity 
Authority and K. B. Haley of the University of 
Birmingham have been sstudying the allocation 
of coal supplies to power stations to arrive at 
minimum total transport costs. The 40 million 
tons of coal supplied annually to 200 power 
stations of the Central Electricity Authority are 
carried by rail, sea, canal and road from some 800 
mines at an annual transport cost of £ 30 million. 
The problem is to achieve a system of coal allo- 
cation at the minimum cost at the same time 
taking into consideration the factors of the 
suitability of coals from certain collieries and the 
limitations of route capacity. Any transport 
arrangements so derived must also be flexible 
and able to deal with any quick changes that may 
arise from failure at the colliery or the power 
station. The first exercise was in respect of 60 
power stations and 150 mines. 

Theoretical work which involved linear 
programming led to a practical method of com- 


puting the best result and the coal allocation 
problem is now being tackled on a national scale 
using mathematical formulae and an ingenious 


mechanical analogue of pulleys, strings and 
weights. The experience so far is that a saving 
of rather less than 1 per cent in transport cost is 
possible. 

Most industrial activities can be described as a 
system in which there is a certain input of 
materials, people, money, machinery and plant 
and a process of transforming the raw materials 
into a range of different products which represent 
the output of the system. A study of this type of 
system leads the operational research worker into 
problems of planning and company policy. The 
input and the output of the system is subject to 


many variables and the aim is to maximize the 
realization with the minimum costs of production. 
It is from a consideration of this class of problem 
that linear programming has been successfully 
developed to the study of a wide range of 
problems. 

The origins of the concept and the method are 
in the field of economics and stimulated by the 
brilliance of certain mathematicians—notably ]. 
van Neumann. The field of application is very 
wide. Some of the earliest and most spectacular 
exemples are in connection with oil refining 
problems where input, plant capacity and the 
nature and consumption rates of the finished 
products have to be delicately balanced to get the 
best overall results. 


None of the problems which involve the 
balancing of input,and output is of a static 
character. The systems are frequently complex 
and highly sensitive to changing forces both 
physical and economic but they can now be 
studied and analysed with some degree of 
precision. The design and capacity of a com- 
munications system is one example, but re- 
cruitment and training procedures are also es- 
sentially systems of the general type referred to 
above. 


There is no time and space in this paper to 
describe the application of the general mathe- 
matical concepts to the problems of inventory 
and stock control. Modifications and refinements 
of the methods are and will be necessary to deal 
with special categories of stock control problems. 
Increasing attention in America, in this country 
and elsewhere is being given to assessing the 
problems of stocking and to measuring the level 
of protection that stocks afford. 


The main object of giving these few exemples 
has been to draw attention to the range of 
management problems that have been successfully 
studied by the operational research workers. 


There is a growing conviction that the methods 
that have proved so successful in the physical 
sciences can be equally as successful in contri- 
buting to the solution of the many difficulties 
that beset management in all fields. 
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Discours admirables... etc!, Bernard Palissy 
(1580), translated by Aurele la Rocque. Univer- 
sity of Illinois Press, Urbana 1957. Prijs $ 5,50. 


De groeiende belangstelling in de Verenigde Staten 
voor de geschiedenis van de geologie komt weer eens 
tot uiting in bovenvermelde Engelse vertaling van het 
hoofdwerk van Bernard Palissy (1510—1590), die en 
door zijn wijze van waarneming en denken &n door 
zijn wetenschappelijke conclusies als een belangrijke 
voorloper van de geologische wetenschap moet worden 
beschouwd. 


Palissy is in de kunstgeschiedenis bekend geworden 
door zijn ceramisch werk, waarin hij technisch zowel 
als artistiek baanbrekend is geweest. Behalve de potten- 
bakkerij heeft hij nog vele andere ambachten uitge- 
oefend; hij was glazenier, legde, o.a. voor het Franse 
hof in de Tuilerieen, fonteinen aan, die hij met cera- 
miek decoreerde, maakte de plannen voor zouttuinen 
aan de westkust van Frankrijk bij de Gironde. Als een 
echt kind van de Renaissance had hij een onuitblus- 
bare onderzoekingsdrang en tevens het kritisch vermo- 
gen om juiste conclusies te trekken, zulks met voorbij- 
gaan of omverwerpen van de toen gesanctioneerde op- 
vattingen ‚die nog grotendeels uit de Middeleeuwen 
en Oudheid stamden. Om zijn protestantse geloofsover- 
tuiging vervolgd, zwierf hij door geheel Franktijk. Dit 
bood hem de gelegenheid overal geologische waarne- 
mingen te doen en collecties aan te leggen van mine- 
ralen, gesteenten en fossielen, steeds zoekende naar 
aannemelijke verklaringen voor de onbegrepen natuur- 
verschijnselen. 

Op het eind van zijn leven — hij stierf boven de 
tachtig als Hugenoot in de kerkers van de Bastille — 
vatte hij zijn praktische ervaringen, waarnemingen en 
conclusies samen in een reeks verhandelingen, die als 
"Discours Admirables....” in 1580 in druk versche- 
nen. In de vorm van een twee-gesprek tussen "Theo- 
rique” en ”Pratique” of wel tussen de gangbare mening 
en zijn eigen oordeel, behandelt hij daarin in een le- 
vendig en helder betoog uiteenlopende onderwerpen, 
over bronnen en rivieren, over alchemie, over ijsvor- 
ming in de rivier, over zouten, speciaal keukenzout, 
over de vorming van gesteenten en fossielen, over 
kleien en hun ceramische eigenschappen, om zijn boek 


1 De volledige titel luidt: 

Discours Admirables de la nature des eaux et fontaines 
tant naturelles qu’artificielles, des metaux, des sels et 
salines, des pierres, des terres, du fen et des dmaux avec 
blusieurs autres excellents secrets des choses naturelles. 
Plus un traite de la marne, fort utile et necessaire pour 
ceux qui se mellent de l’agriculture. 

Le tout dresse par dialogues esquels sont introduits la 
Theorique et la Pratique. 

Par M. Bernard Pallisy, inventeur des rustiques figu- 
lines du Roy et de la Royne sa Mere. 
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te beeindigen met een reeks stellingen en met een ver- 
klarende woordenlijst van de "moeilijke woorden”. 
Over de meeste vraagstukken die hij aansnijdt, blijkt 
zijn opvatting juist, althans gedeeltelijk of in principe 
juist te zijn. Hij geeft een verklaring voor de artesische 
bronnen, oordeelt dat de natuurlijke bronnen uit re- 
genwater ontstaan en niet — zoals de Griekse filosofen 
meenden — uit ondergronds opgestuwd zeewater. Als 
eerste definieert hij de kringloop van het water. Hıj 
herkent de fossielen als begraven en versteende resten 
van planten en dieren en was neptunist "avant la 
lettre”. Gesteenten, die zeeschelpen bevatten, ook al lig- 
gen ze thans hoog in de Ardennen, zouden in zout 
water zijn afgezet. Mineralen, al of niet met herken- 
bare kristalvorm, maar ook ertsen, gesteenten, zouden 
door uitkristallisatie uit waterige. oplossing zijn ont- 
staan. Idiomorfe pyriet wordt vergeleken met salpeter- 
kristallen, die zich vormen in een indampende oplos- 
sing Verharding van gesteenten en verstening van fos- 
sielen wordt teweeggebracht door minerale oplossingen 
(het "vijfde element” in de natuur). Mergel is een 
bruikbare meststof omdat zijn bestanddelen in oplos- 
sing gaan en door de bodem en de planten kunnen 
worden opgenomen. Daarentegen zijn wondermedicij- 
nen, die fijnverdeeld goud bevatten, als zodanig waar- 
deloos omdat dit goud niet oplost. Bij ceramische 
kleien kende Palissy in principe reeds het onderscheid 
tussen het vrije en het gebonden water. 

Gelijk meestal in dergelijke gevallen, bestaat er 
verschil van mening in hoeverre Palissy's denkbeelden 
werkelijk origineel zijn of ontleend aan tijdgenoten. In 
elk geval was hij het die ze lanceerde, met de nodige 
breedsprakigheid wel is waar en doorweven met morali- 
serende opmerkingen maar ook met overtuiging en 
hartstocht, waarbij "Theorique” bij tijd..en wijle heftig 
wordt uitgemaakt voor alles wat achterlijk en stomp- 
zinnig is. 

Niettegenstaande Palissy's denkbeelden wel belang- 
stelling wekten in hun tijd en aanhang vonden in toon- 
aangevende kringen, hebben zij toch weinig invloed 
uitgeoefend op de volgende generaties, In tegenstelling 
tot zijn artistiek oeuvre zijn zijn wetenschappelijke 
prestaties meer dan een eeuw lang vergeten. Eerst in 
1720 vestigde Reamur de aandacht op Palissy als man 
van wetenschap en in 1777 bezorgde Faujas de Saint- 
Fond de herdruk van zijn oeuvre, 

De vertaling van Aurele La Rocque, die wij konden 
vergelijken met een uitgave van de originele tekst ?, is 
goed en vlot leesbaar, de inleiding en annotaties zijn 
verhelderend. 
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2 Les oeuvres de Bernard Palissy, avec une notice 
historique par Anatole France, Charavay 'Freres, Paris, 
1380. 


More Studies in Barly Petroleum History, by R. 
J. Forbes, 199 pag., 2 tabellen, 36 figs. E. ]. 
Brill, Leiden, 1959. Prijs f 27.—. 

Als kort na het verschijnen van "Studies in Early 
Petroleum History” van dezelfde auteur een bundel 
studies met bovengenoemde titel verschijnt, vraagt men 
zich af, wat de beweegredenen zijn voor deze voort- 
zetting. De eerste twee opstellen, die in uitvoerige 
citaten de — vrij beperkte — kennis over aardolie 
etaleren van twee l6e-eeuwse renaissance-figuren, Be- 
lon en Matthiolus, bevatten na de lectuur van de eerste 
bundel niet veel nieuwe gezichtspunten, al zijn ze nut- 
tig als documentatie. De rechtyaardiging voor de bun- 
del blijkt gelegen te zijn in de chemisch-technologische 
hoofdstukken die daarop volgen en die de ontwikke- 
ling van de petroleumverwerking en de praktische toe- 
passing in het midden van de vorige eeuw beschrijven. 
Gezien de overwegende rol die Amerika, na de boring 
van Drake, heeft gespeeld bij de groei van de "olie- 
produktie”, leekt het gewenst te belichten hoe de "ver- 
werking” van ruwe olie tot een reeks bruikbare pro- 
dukten een ontwikkeling heeft gehad die zich groten- 
deels in Europa heeft afgespeeld. Aldaar had de opko- 
mende industrie weliswaar kleinere hoeveelheden, maar 
een grotere verscheidenheid van ruwe olien ter beschik- 
king (Pechelbronn, Wietze, Amiano, weldra aangevuld 
door Galicie, Roemenie en Rusland), waarvan de pro- 
dukten moesten concurreren met die van oude, geves- 
tigde technieken zoals de houtteer- en de kolenteerver- 
werking. Dit leidde tot een veelzijdige toepassing van 
de ruwe oliön om het uiterste rendement te verkrijgen. 

Ten tijde van Drake’s ontdekking was de organische 
scheikunde reeds zo ver gevorderd dat de Engelse che- 
micus Williams een overzicht kon geven van de samen- 
stelling en eigenschappen van een hele reeks "naphtha’s”, 
destillatie en kraakprodukten niet alleen van aardolien, 
maar ook van andere organische substanties zoals been- 
deren, kool en hout 

Enkele jaren later publiceerde de Fransman Saint 
Claire Deville analyses van aardolies van zeer uiteen- 


lopende herkomst en vergeleek hij hun toepasbaarheid 
als brandstof voor stoommachines. Branders, die op 
stoomboten en locomotieven de steenkool kon doen 
vervangen door stookolie, werden in Rusland reeds in 
1874 ontwikkeld en gebruikt. In 1895 begon de Britse 
vloot over te gaan op stookolie, niet vöör 1910 ge- 
volgd door die der Verenigde Staten, deels ten gevolge 
van een latere ontwikkeling varı doeltreffende branders 
in dit land. 

Reeds op het eind van de 18e eeuw was in Frankrijk 
een olielamp ontwikkeld, die voor het eerst in de ge- 
schiedenis een effectieve verlichting verschafte. Eerst 
toen de Schot Young omstreeks 1850 op commerciele 
basis paraffineuse olien wist te destilleren uit cannel 
kool en olieschalies, werden deze lampen algemeen 
verbreid. 

In een rijk gedocumenteerd betoog is de auteur er 
in geslaagd van deze ontwikkeling een gevarieerd beeld 
te geven. 

Hoewel op minder spectaculaire wijze dan in de V.S. 
kwam in Oost Europa gedurende de tweede helft der 
19e eeuw een eigen olieproduktie tot ontwikkeling, 
speciaal in Galicie, Roemeni@ en Rusland. Hieraan is 
een instructief opstel gewijd. 

De boeienste studie uit de bundel, getiteld: 
”Naphtha goes to war”, verplaatst de lezer veel verder 


terug in de geschiedenis. Al van 400 v. Chr. af hebben 


in de oorlogvoering te land en ter zee vuurpijlen en 
vooral vlammenwerpers (het "”Griekse vuur” van 
Byzantium, 900 A.D.) een rol speeld, die eerst tegen 
de 13e eeuw door het buskruit werd overgenomen. 
Veelal was de nafta het basisprodukt van dit "vloeibaar 
vuuf . 

Hoewel de inhoud van deze bundel wat inhomogener 
is dan die van zijn voorganger en de onderwerpen ten 
dele aan de periferie van de belangstelling van de 
geologen vallen, zullen toch ook zij van deze bijdragen 
tot de geschiedenis van de aardolie hun profijt kunnen 
trekken. 

HB: 


GEOLOGISCH EN MIINBOUWKUNDIG NIEUWS 


DE "G. UNGER VETLESEN FOUNDATION” 
HEEFT DE VETLESEN-PRIJS INGESTELD voor 
"outstanding achievement in the sciences resulting in a 
clearer understanding of the earth, its history or its 
relation ‘to the universe”. De prijs, die $ 25.000 be- 
draagt en eens in de twee jaar kan worden toegekend, 
is in maart 1960 voor de eerste maal uitgereikt, en wel 
aan M. Ewing (Lamont Geological Observatory, Colum- 
bia University). De Vetlesen Foundation werd in 1955 
gesticht door Georg Unger Vetlesen, een in Noorwegen 
geboren amerikaanse scheepsbouwer. 


DE STAATSMIJNEN IN 1959 
Produktiecijfers van de mijinen 


De mijnen hebben in het afgelopen jaar 7.506.096 
ton kolen netto gedolven, dit is ruim 45.000 ton min- 
der dan het jaar daarvoor. Verdeeld over de afzonder- 
lijke mijnzetels was de netto produktie in 1959 als 
volgt: Wilhelmina 1.007.045 ton; Emma 2.480.258 
ton; Hendrik 1.422.918 ton en Maurits 2.595.875 ton. 
Het aantal gewerkte dagen in 1959 bedroeg voor de 
Wilhelmina, Emma en Maurits 288 en voor de Hen- 
drik 287. Gemiddeld per $-urige gewerkte dag werden 
27.121 ton kolen netto geproduceerd. De prestatie per 
ondergrondse dienst heeft bij de Staatsmijnen in het 


afgelopen jaar 1.721 kilo bedragen, dit is 112 kilo 
meer dan in 1958. 

Van de totale netto-kolenproduktie van de Gezamen- 
lijke Limburgse Mijnen, welke in 1959 11.978.190 ton 
bedroeg, namen de Staatsmijnen 62,7 procent voor hun 
rekening. 

Van de door de Staatsmijnen in 1959 geproduceerde 
kolen werd bijna de helft (49,3 procent) verwerkt tot 
2.834.661 ton cokes. Hiervan werden 1.539.399 ton 
geproduceerd op Cokesfabriek Maurits en 1.295.262 
ton op Cokesfabriek Emma. 


De produktie van steenkoolbriketten beliep in het 
afgelopen jaar 280.112 ton en die van "Synthracier” 
41.692 ton. 


In de elektrische centrales van de Staatsmijnen wer- 
den bijna 1,3 miljard kWh elektrische stroom opge- 


- wekt. Meer dan de helft van deze hoeveelheid werd 


opgewekt in de elektrische centrale van de, Emma. 

Door het S.B.B. en de beide cokesfabrieken werden 
in 1959 217.000 ton zuivere stikstof geproduceerd, 
dit is 12.000 ton meer dan in 1958. De geproduceerde 
zuivere stikstof werd hoofdzakelijk verwerkt in kunst- 
meststoffen. De produktie van deze kunstmeststoffen 
bedroeg rond 945.000 ton produkt. 

De hoeveelheid gas welke in het afgelopen jaar van 


er 


het Gasdistributiebedrijf aan derden werden afgezet 
beliep 387 miljoen kubieke meter. 

De produktie van caprolactam, een belangrijke grond- 
stof voor de bereiding van kunststoffen, bedroeg 8.700 
ton. 

De in 1959 in bedrijf gestelde fabriek voor de be- 
reiding van polyethyleen, grondstof voor plastics, pro- 
duceerde 3.800 ton. 


Personeelssterkte per 1 januari 1960 


Op 1 januari van dit jaar waren bij de Staatsmijnen 
in totaal 42.149 personeelsleden in dienst. Het aantal 
arbeiders bedroeg 36.776 en het aantal beambten 5.373. 

Op de vier in produktie zijinde mijnen werkten te- 
zamen 18.469 arbeiders ondergronds en 9.730 arbei- 
ders bovengronds. De overige 8.577 arbeiders waren 
werkzaam op de Cokesfabrieken Maurits en Emma, het 
Polychemiebedrijf, het Stikstofbindingsbedrijf, de Or- 
ganische Fabrieken, het Centraal Laboratorium, het 
Spoorweg- en Expeditiebedrijf, de Beatrix en op andere 
bedrijven. Van de 5.373 beambten behoorden er 1.256 
tot de ondergrondse en 828 tot de bovengrondse bezet- 
ting van de producerende mijnen. Op de Cokesfabrie- 
ken Maurits en Emma, het Polychemiebedrijf, het Stik- 
stofbindingsbedrijf, de Organische Fabrieken, het Cen- 
traal Laboratorium en het Gasdistributiebedrijf werkten 
1.402 beambten; op het Hoofdbureau, het Spoorweg- 
en Expeditiebedrijf, de Beatrix en de rest van de be- 
drijven werkten de overige 1.387 beambten. 


Rationalisatie van de werkzaamheden op de mijnen 


In het jaar 1959 is men er op de mijnbedrijven in 
geslaagd om zowel ondergronds als bovengronds goede 
resultaten te boeken op het gebied van de rationalisatie. 
De mechanische hulpmiddelen zijn intensiever gebruikt, 
nieuwe machines en hulpmiddelen werden toegepast. 
De verder doorgevoerde mechanisatie leidde uiteraard 
tot verbeteringen in de organisatie. Het totaal van al 
deze maatregelen, die reeds jarenlang in ontwikkeling 
zijn, heeft in 1959 goede vruchten gedragen. Dat komt 
o.m. tot uiting in een hoger effect en in een lagere 
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kostprijs van onze kolen. Daarmee werd een tegenwicht 
geschapen tegen de lagere opbrengstprijzen van het 
vorige jaar. 

Het is verheugend, dat bij het personeel een duide- 
lijke bereidheid te vinden is om mee te werken aan 
het bereiken van het doel: steeds verdergaande tech- 
nische en organisatorische verbeteringen in de mijnbe- 
drijven, waardoor de concurrentie op de kolenmarkt het 
hoofd kan worden geboden. 

Door natuurlijke afvloeiing is de bezetting vrij sterk 
gedaald; door het bereiken van een hoger effect kon 
niettemin de produktie op het niveau van 7,5 miljoen 
ton worden gehandhaafd. Die produktie werd in haar 
geheel afgezet en zelfs toonden de voorraden aan het 
eind van het jaar een geringe vermindering. 

Doordat een gelijke produktie met minder perso- 
neelsleden werd behaald, daalden de kosten per ton. 

Het deel van de produktie, dat uit de gewone om- 
legpijlers wordt gehaald, is gedaald van 47,7 procent 
tot 41,3 procent. Ook de schuifpijlers, die men kan 
zien als een overgangsvorm van omlegpijler naar me- 
chanische pijler, namen minder deel in de produktie: 
9,8 procent tegen 16,2 procent in 1958. Daarentegen 
steeg het deel van de produktie uit mechanische pijlers 
van 36,1 naar 48,9 procent. De grafiek, waarin de 
produktie van de gemechaniseerde pijlers is gegeven 
in procenten van de totale netto-produktie, laat de ont- 
wikkeling van de mechanisatie sinds 1950 zien. 

Sprekend is ook de grotere gemiddelde vooruitgang 
per pijler, die mede ten gevolge van mechanisatie be- 
reikt kon worden: van gemiddeld 1,55 meter per 8 
uur in 1956 tot 1,74 meter in 1958 en 1,86 meter in 
1959. Dank zij de verbetering in de gemiddelde da- 
gelijkse vooruitgang van de pijlers begint het streven 
naar concentratie — hogere produktie per pijler en 
daardoor minder pijlers in bedrijf — tot duidelijke 
resultaten te leiden. In 1956 een gemiddelde netto- 
dagproduktie per pijler van 336 ton, in 1959 365 
ton. Gemiddeld waren in het voorbije jaar ruim zes 
pijlers minder in bedrijf dan in 1958. Aldus bespaart 
men diensten en kosten. En dat streven vinden wij niet 
alleen in het koolwinningsbedrijf, doch al evenzeer in 
het steenwerk. In 1957 was 8 procent van het drijven 
van de toe- en afvoergalerijen in de voorbereiding van 
de winning gemechaniseerd, in 1959 steeg dit tot 32 
procent en in het lopende jaar hoopt men opnieuw 
vooruit te gaan. 

Ook de dienstenbesparing bij het vervoer heeft de 
aandacht. Beperking van het aantal pijlers geeft reeds 
een beperking in het vervoer, maar daarnaast 
is men gaan automatiseren: bij de bediening van 
transportbanden en Beientransporteurs, bij de bediening 
van de laadpunten. Proefnemingen met nieuwe hulp- 
middelen vonden plaats, zoals met Unicar, Kurvenband 
en Monorail. 

Uit de gegevens betreffende het energieverbruik 
blijkt dat in zeven jaar het verbruik van de lage druk 
perslucht van 309 kubieke meter per ton kolen daalde 
tot 177 kubieke meter; in dezelfde periode steeg het 
verbruik van de goedkopere elektriciteit van 8,3 kilo- 
wattuur per ton kolen tot 10,3 kilowattuur. 

Overzicht van de chemische industrie 
Cokesfabrieken 

Het is bekend, dat ook in 1959 de afzet van de 
Staatsmijnen-cokes onder invloed stond van de moeilijk- 
heden, welke zich op het gehele afzetterrein van de 
vaste brandstoffen voordoen. Ook de z.g. metallurgische 
cokes — die een belangrijk produkt is van de Staats- 
mijnen — ondervond hiervan de weerslag. Hoewel er 
in de gehele ijzer- en staalindustrie een opleving plaats- 
vond (o.a. tengevolge van de staalstaking in de Ver- 


146 


enigde Staten) is de totale behoefte aan metallurgische 
cokes, door toepassing van nieuwe technische ontwikke- 
lingen, in de laatste jaren gedaald. Tot 1950 werd een 
verbruik van 1000 kg cokes per ton ruw ijzer als nor- 
maal beschouwd, na die tijd trad een daling in tot 800 
a 900 kg cokes per ton ruw ijzer, terwijl in de laatste 
jaren zeer moderne bedrijven zijn ontstaan, waar men 
minder dan 700 kg cokes per ton ruw ijzer gebruikt. 

De Staatsmijnen konden haar cokes nog vrij goed 
afzetten dank zij de uitstekende kwaliteit. 

De uitrusting van onze cokesbedrijven is thans zeer 
goed. Slechts 30 procent van de ovens is van voor 1949. 


Gasproduktie en -afzet 


Hoewel de gasafname door de industrieen gedurende 
het eerste halfjaar minder was dan vorig jaar, is door 
een grote toename van het verbruik in het tweede 
halfjaar de totale afname groter geweest dan in 1958. 
De afname van de gemeenten is regelmatig toegeno- 
men. In de loop van 1959 werden de gemeenten 
Bergeijk, Goirle en Maarheeze op het gasnet aangeslo- 
ten. Via de N.V. Limagas werden Spaubeek en Nieuw- 
stadt van gas voorzien. In Brabant werden verder 
Raamsdonk, ’s-Gravenmoer en Waspik via de N.V. 
Streekgasvoorziening Oosterhout, vanaf 1 januari 1960 
N.V. Intergas genaamd, een organisatie ongeveer gelijk 
aan N.V. Limagas, van gas voorzien. 


Kunstmest 

De stikstofproduktie is in 1959 toegenomen met 6 
procent t.o.v. 1958 en wel v 196.000 ton stikstof in 
1958 tot 208.000 ton stikstof in 1959. 


een belangrijke toe- 


De ureumproduktie vertoonde 
len door het ten dele ge- 


name. Dit is mogelijk geworden 
reed komen van her uitbreidingsplan tot 100.000 ton 
ureum per jaar, welk plan dit jaar voltooid zal worden. 
Daardoor hebben de Staatsmijnen thans een van de 
grootste ureumfabrieken van Europa. Van deze 100.000 
ton ureum zullen meer dan 80.000 voor kunstmest wor- 
den gebruikt, 5000-7000 ton voor veevoeder en ten 
slotte 10.000-15.000 ton voor kunstharsen en hout- 
lijm. 

Naast de ureumproduktie werd 
salpeterproduktie geheel in de 


‚ok dit jaar de kalk- 
rm van prills afgezer. 


Organische produkten 


De afzet van caprolactam is 
in het buitenland bestaat een ste 

Mede doordat de kwaliteit ı 
caprolactam zeer goed is, 
dit produkt gunstig te noemen. 

De afzetmogelijkheden voor ftaalzuuranhydride ne- 


men eveneens toe en daarom zal de produktie worden 
verdubbeld. 


terk toegenomen. Ook 
s groeiende vraag. 

ın de geproduceerde 
zijn de vooruitzichten van 


Polychemiebedrijf 

De hogedruk polyethyleenfabrick 
1959 in bedrijf genomen, Reed 
gelijk een produkt van goede | 
droeg ertoe bij dat op korte 
kon worden bereikt. 


werd in maart 
oedig was het mo- 
valiteit te maken. Dit 
ermijn een goede afzet 


In het afgelopen jaar is cerı aanvang gemaakt met 
het opvoeren van de capaciteit van de hogedruk ' 
polyethyleenfabriek tot 20.000 ton per jaar. In de eer- 


ste helft van 1961 zal deze nitbreiding voltooid zijn. 


In de hieruit voortvloeiende grotere behoefte aan ethy- 
leen zal worden voorzien door het in bedrijf nemen van 
een kraakinstallatie voor benzines. De naast ethyleen 
beschikbaar komende kraakbenzines zullen aan de olie- 
maatschappij worden teruggeleverd. De overige produk- 
ten kunnen worden afgezet aan derden of in de toe- 
komst in eigen bedrijf worden gebruikt als grondstof 
voor diverse chemische produkten. 

Intussen wordt aandacht besteed aan het bereiden 
van een breed assortiment van polyethyleen-kwaliteiten, 
die aan speciale eigenschappen voldoen, welke voor de 
vervaardiging van zeer uiteenlopende typen van plastic- 
artikelen aan de grondstof worden gesteld. 

Het produkt, wordt onder de naam "Stamylan” 
in de handel gebracht, door het Verenigd Plastic Ver- 
koopkantoor (V.P.V.), een verkooporganisatie, die in 
samenwerking met de A.K.U. werd opgericht. 


Personeelsgegevens 


Het aantal in de chemische bedrijven werkzame ar- 
beiders bedroeg in 1959 6759 personen. Het aantal 
beambten was 1481. 


NIEUW SCHOOLGEBOUW VOOR DE 
MIJNSCHOOL TE HEERLEN 


Binnen twee jaren zal te Heerlen een riant, modern 
schoolgebouw verrijzen. Met dat gebouw zal de Mijn- 
school, na talloze omzwervingen, weer een eigen thuis 
krijgen. Thans is de school in de Ververstraat gevestigd 
in een onderdeel van een groot complex schoolgebou- 
wen. Het voorlopig ontwerp van deze nieuwe Mijn- 
school is thans goedgekeurd door de Rijksgebouwen- 
dienst en de architect kan nu overgaan tot het maken 
van de bestekken. Waarschijnlijk zal dit jaar met de 
bouw een aanvang worden gemaakt, een bouw, die ruw 
geschat anderhalf jaar in beslag zal nemen. 

Ter weerszijden van de hoofdingang aan de Benzen- 
raderweg is het administratieve gedeelte, lerarenkamers, 
directeurskamer, administratie etc. geprojecteerd met 
aan het einde een machinehal van 450 vierkante meter 
en een kantine van 240 vierkante meter. 

De entree leidt onmiddellijk naar een open ruimte, 
die wordt ingericht met vitrines waarin een permanen- 
te selecte tentoonstelling van mineralen zal worden on- 
dergebracht. Het eigenlijke, drie verdiepingen tellende, 
schoolgebouw vormt een hoek met het zojuist beschre- 
ven gedeelte. 

In het schoolgebouw komen zeven leslokalen, drie 
tekenzalen, een natuur- en scheikundelokaal, een elek- 
trolaboratorium en een gehoorzaal, met accommodatie 
voor filmprojectie, die plaats biedt aan 120 personen en 
dus ook uitstekend geschikt is voor bijeenkomsten in een 
ruimer verband. Vooral de eerder genoemde machine- 
hal, in de linkervleugel, zal voor de Mijnschool een be- 
langrijke aanwinst betekenen. Hier immers kunnen nu 
ook behalve de machines die men tot nog toe ter in- 
structie in gebruik had, beproevingsmachines waarmee 
diverse metingen kunnen verricht worden, een vaste 
plaats krijgen. Een moderne kolenverwarmingsinstalla- 
tie zal het hele gebouw centraal verwarmen. 

Op het ogenblik wordt de Mijnschool door ongeveer 
400 scholieren bezocht. Dat wil zeggen dat er 17 klas- 
sen zijn, verdeeld over 4 leerjaren. Ook worden op de 
school de cursus voor opzichter bij de metingen en de 
jaarlijkse aanvullende cursus voor ondergrondse be- 
ambten gegeven. 
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(M.V.D.). 

TOORN, C. H. G. v. d. — Delft, Raamstraat 100. 
(bg) (M.V.D.). 

VERBERK, W. H. J. — Delft, Voorstraat 76. (bg) 
(M.V.D.). 

VISSCHER, W. — Delft, Rotterdamsche Weg 10. 
(bg) (M.V.D.). 

VONHOF, J. A. — Delft, Piet Heinstraat 25. (bg) 
(M.V.D.). 

VOORST, C. W. van — Delft, Piet Heinstraat 28. 
(bg) (M.V.D.). 

VOORST, G. W. van — Rotterdam 7, Marconiplein 2. 
(bg). 

WASSMANN, T. H. — Delft, Oude Delft 111b. 
(bg) (M.V.D.). 

WETZELS, F. J. — Delft, Warmoezierstraat 9. (bg) 
(M.V.D.). 

ZEE, R. R. v. d. — Delft, J. C. van Markenpleim 1. 
(bg) (M.V.D.). 


Nieuwe adressen: 


ALEVA, Dr. G. J. J. — Amsterdam-Z. 1, Valerius- 
straat 531 (25 maart—25 mei); Paramaribo, Su- 
riname, c/o Billiton Maatschappij Suriname 
N.V. (vanaf 1 juni 1960). (g). 

BLEYS, C. — Kingswood, S.A., Australia, 24 Kyre 
Avenue. (8). 

BOOMGAART, Dr. L. — Utrecht, Frederik Hendrik- 
straat 10. (8). 

BOTTINGA, geol. drs. S. ©. — Wassenaar, Pape- 
gaaienlaan 1. (g). 

GROND ‚H. L. — Heerlerheide (Heerlen), Ganze- 
weide 33. (m). 

GROOT, m.i., Ir. H. J. de — Eygelshoven, Sr. Huber- 
tusstraat 24. (m). 

HEYBROEK, Dr. F, — Wassenaar, Laan van Koot 29. 
(g). Geoloog b.d. N.V. B.I.P.M. 

JANSSEN, m.i., Ir. J. J. — Paramaribo, Suriname, 
Postbus 221. (bg) (M.V.D.). 

JONGH, m.i., Ir. C. A. de — Hilversum, ’s-Grave- 
landse Weg 76A. (b). 

(bg) 


KLEIN, E. — Abcoude, 
(G.V.A.). 

LAAN, m.i., Ir. H. van der — ’s-Gravenhage, Deli- 
straat 65. (m) (R). 

LANDEWIJK, Dr. J. E. J. M. van — Lecturer at the 
University College of Ghana, Legon, Ghana, 
W,. Africa. (g). 


Proostdijstraat 4. 
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AGENDA 
OPROEP 


tot de Bijzondere Wergadering van het 
Genootschap op 


zaterdag 23 april 1960, te 14.30 uur, 


in het gebouw van de N.V. B.I.P.M., 
Carel van Bylandtlaan 30. 


SPREKER: Dr. G. J. J. Aleva: 


"Prospectie in Canada” 
(met lichtbeelden en film) 


De gewone leden van het Genootschap zijn 
welkom op de vergadering van de Afdeling 
Mijnbouw van het K.l.v.l., op 


vrijdag 13 mei 1960, te 20.00 uur, 


in het gebouw van het K.l.v.l., Prinsesse- 
gracht 23, ’s-Gravenhage. 


SPREKER: Ir. J. F. Vaes, m.i.: 


"Selectieve metamorfose in de Katanga — 
Rhodesia Copperbelt”. 


De secretaris: J. H. Beltman 


LANGENBERG, geol. drs. J. H. — Paramaribo, Suri- 
name, c/o Reynolds Metrals Company, P.O. 
Box 896. (g). 

MAC NAUGHTON, Lewis W. — Dallas, 20, Texas, 
U.S.A., 4636 Meadewood. (b). 

MACQUELIN, A. P. — Rijswijk, Z.H., Tulpstraat 98. 
(bg) (M.V.D.). 

METZSCH, E. H. van — Leiden, Houtstraat 6. (bg) 
(EG.Y.): 

PRINS, geol. drs. J. — Alger, Algerie, c/o Soc. des 
Petroles Valence, B.P. 46. (g) (gk). 

REYNST, m.i., Ir. B. A. — Kiruna-C, Zweden, c/o 
Brännman, Gruvfogdegatan I-E. (b). 

SITTER, Prof. Dr. L. U. de — Hoogleraar i.d. Structu- 
tele Geologie a.d. R.U. te Leiden, Geologisch 
Instituut, Garenmarkt 1b; priv& adres: Leiden, 
Roomburgerlaan 2. (g) (gk). 

SNOO, G. de — Tripoli, Libya, P.O. Box 1101, c/o 
Libya Shell Cy. (g) (ek). 

STUFFKEN, m.i., Dr. Ir. J. — Hoensbroek, Patersweg 
93.20). 

TONINO, J. H. M. — Leiden, Steenschuur 11. (bg) 
(L.G.V.). 

VLOTEN, BS, MA., Dr. R. van — Arlington 5, Vir- 
ginia, U.S.A., 5727 North 22nd Street, (g). 


PR, 


VREUGDE, mis Ir. L..M. H. - Houston, Texas 


U.S.A., 3783 Childress. (b) (gk). 

WERRE, F. J. — Leiden, Klikspaanweg 11. (bg) 
(L.G.V.). 

WESTRA, geol. drs. R. H. — Singapore, $1A Robin- 
son Road, c/o Mr. C. W. Simmons, Agent for 
CP:O,C: (e). 

WIT, Dr. R. de — Calgary, Alberta, Canada, c/o J. €. 
Sproule and Associates, Consulting Geologists, 
1009-4th Avenue S.W. (g). 

WITKAMP m.i., Ir. G. — Terwinselen, $t. Hubertus- 
laan 31. (m). 

WIJNEN, Dr. J. C. van — New Orleans 23, La., 
U.S.A., 10017 Joel Avenue. (g). 


Mutaties: 


KRENNING, m.i., Ir. W. van (m) naar (b). 
NOSSIN, geogr. drs. J. J. — van (g) naar (b). 


Correcties! 
ARPS, C. E. S. — Leiden, Piet Paaltjenspad 8. (bg) 
(L:@G.V2): 


BELLEN, Dr. R. C. van — Tweemaal vermeld in de 
ledenlijst. Adres te Londen is het juiste. 
BORGHOUTS, m.i., Ir. €. J. — (b) ipw. (). 
DIEPERINK, m.i., Ir. B. E. — (g). g 
EDIXHOVEN, m.i., Ir. G. H. — Oud-Directeur v.d. 
S.A. des Charbonnages R&unis "Laura et Ver- 
eeniging”, (m). 
GROOTJANS, m.i., Ir. W. M. — (m) i.p.v. (bg). 
HOUTMAN, m.i. Ir. H. J. — (b) (K) i.pv. (b). 
JANSSEN, F. L. — Tweemaal vermeld in de leden- 
lijst. Adres te Wellington is het juiste. 
KALSBEER, F. — Tweemaal vermeld in de leden- 
lijst. Adres te Leiden is het juiste. 
LIEFFERING, C. — i.p.v. Liefering, C. — 
MOOY, Dr. H. H. — (b) (gk) (K) i.p.v. (b) (ek). 
RIEZEBOS, P. A. — Weesperkarspel, Utrechtseweg, 
Woonark ”Domi Rurique”. (bg) (G.V.A.). 
SADEE, Ir. C. F. — Handels- en Ingenieursbureau 
Fulgor. Son, N.Br., Postbus 1. (m) (K). Naam 
en adres per abuis in ledenlijst weggevallen. 
TEEUWISSE, m.i., Ir. W. P. — Directeur v.d. S.A. des 
Charbonnages Reunis "Laura et Vereeniging”. 
(m). 
TOUWEN, nat. phil. drs. N. A. L. — (b) i.p.v. (8). 
VLEK, J. J. M. — Tweemaal in de ledenlijst vermeld. 
Vermelding als mijningenieur is de juiste. 
WILLEMS, m.i. Ic. J. F. J. — ipıw. J. P. ]. 
WINTGENS, m.. Dr. Ir. P. Spekholzerheide, 
Locht 187. 


Bedankt per 1-1-1961: 
ITZ, Ir. G. N. — (m). 


Aan de Witwatersrand Universiteit te Johannesburg, Zuid-Afrika, is een 


VACATURE VOOR LECTOR IN DE GEOLOGIE 
(Engineering Geology, Hydrology, Soil Science). 


Gegadigden dienen voorts onderlegd te zijn in Petrologie, Sedimentologie en Structurele 
Geologie. Ervaring op het gebied van Fotogeologie strekt tot aanbeveling. 


Officiele sluitingsdatum voor sollicitaties: 


15 april 1960. 


Uitvoerige inlichtingen kunnen op aanvraag p.o. wor den toegezonden door het Secre- 
tariaat van het Genootschap, Paviljoensgracht 72, 


’s-Gravenhage. 


GEOLOGISCHE NOMENCLATOR 


In december 1959 verscheen bij de N.V. J. Noorduyn en Zoon te Gorinchem, een 
Geologische Nomenclator, in de Engelse, Nederlandse, Franse en Duitse taal, 
samengesteld door het Kon. Ned. Geologisch Mijnbouwkundig Genootschap. 

Het in linnen band gebonden boekwerk, bestaande uit 524 + XVI pagina’s druk, 
in formaat 16 x 25, omvat ruim 5400 termen, ingedeeld in de hoofdstukken; 
geomorfologie, genetische morfologie, sedimentologie, stratigrafie, tektonische 
geologie, geofysica, vulkanologie, orogenese, delfstofkunde, petrologie van stol- 
lings- en metamorfe gesteenten. 

De prijs in de boekhandel bedraagt f 45,—. 

De prijs voor gewone en buitengewone leden van het Genootschap bedraagt 
5 17,50, inclusief verzendkosten. Elk lid heeft recht op &&n exemplaar. 
Bestellingen kunnen worden gericht aan het Secretariaat van het Genootschap, 
Paviljoensgracht 72, ’s-Gravenhage. 

Betaling dient uitsluitend te geschieden op girorekening 40517 ten name van het 
Kon. Ned. Geol. Mijnbouwk. Genootschap te ’s-Gravenhage. De bestelling kan 
ook op het girobiljet worden vermeld, onder opgave van het volledige adres voor 


toezending. 


DE BORSTEL VOOR DE 
SCHOENZOLEN 
Directbesteldbi;RR.R 
Volgenstoegezonden 
maat, mol oftekening 

TELEFOON 


R.R.R. WIJCHEN 2933894 


DE DOELMATIGSTE 
VOETENVEGER 


Hygienisch, 
Practisch en onverslijtbaar 


Koopt uitsluitend open 
ringmatten, het onderhoud 
is gemakkelijker en voor- 
deliger. Aan beide zijden 
gekarteld, daardoor doel- 
matiger. 

Referenties van 25 jaar 
intensief gebruik ter inzage. 
Geleverd aan de grootste 
instellingen in NEDERLAND 
en het BUITENLAND. 


ET TTTTTTTTTTTTTTTTTEIETTLITTETTTTTITTTETTTTITEITTTTTTTLITTEITTTSTTTETITTRLTTRRTTLLLLTTETTRLITTERTTSTTTIUTTTTTTRTLTTTTSTTLITTTETTTETTUTHTETTITLLLTTTTTTTTILTTERLTITIITTTTTTTILIPTTTTTTTLLETIPTTTTLLLITPTITTTTLITLTTPIETTTITUTTTTIETTITIUTTTTTITTTTTUTTTTITTTTTTTITTITTTTTTITTTITTEITPTTITIITTPPPPETTELTITIPILTTTLEPTIIIIEITTTTTIPIP III III IEP PET TTTUTTTTTT2 


TRUE TEMPER 


a f 19.50 franco 
in geheel Neder- 
land. 


SE een 


"ROCKET” HAMMER 


Voorzien van stalen, onbreekbare steel en van speciale schok- 
brekende greep, welke bij vocht of zelfs bij gebruik van hand- 


schoenen volkomen vast in de hand ligt. 
ideaal in mijnbouw en voor geologen. 


Fa. Van Beek & Heijermans 
Kromme Nieuwe Gracht 990 — Utrechtt — Tel. 22158 


3 0 WR SREBEREEN. 


ESAILUUUUEULIUTUTITTTITITOTITTIETTITTETTITTITETTTEUTETTUTTTETDETTEETESTLOTETTTTTTTTITTDTTTTTTITLITLITLISCTORITLELLRTLITTLTDTLLITLLTLRTTITTITTLITLUTTTTLITLRTTUTTRTTITTLTLTELTTTTITOITTULETTTTTRTTTDRTLUTOTTLDTETTITTTLUTENTOTDDTRTTNTRTTTTNTTNTTTN 


El 


N.V, STAALCONSTRUCTIE en MONTAGEBOUW 


i N ’y 
Ny D E | y 


GELEEN (Holland) 
Tel, Sittard (0 4490) 36 46° 


GEODETISCHE 
INSTRUMENTEN 


venmp T 


Verlegenwoordiger: 


W, v., d, Kamp 

van Diemanstraat 11 
Den hHaag Holland 
lelsloon 07/0.399208B 


IDVERTEREN IN 
GEOLOGIE EN MIJNBOUW 
NETEKENT 
ILLB BELANGHEBBENDEN 


IN EENS BEREIKEN 


Staalconstructies 
Pijpleidingen en tankbouw 
Montage- en demontagewerken 


Eigen ontwerpbureau 


zware en lichte 
staalconstructies 


. 
hoogspanningsmasten 
. 
PLELLNZIG 
. 


stalen ramen en deuren 


N.v. Nationale Staalindustrie 
De Steeg (G) 


JROW TURBOCOMPRESSOREN 


BOUER| 


Grootste een-eylinder turbocom- 
pressor. Cap. 125.000 m?/h bij een 
drukverhouding van 1:9. Direct 
gekoppeld met HD Voorspantur- 
bine 71 ata/490° C, tegendruk 16 
ata. Opgesteld in een der Neder- 
landse Steenkolenmijnen. 


E.M. ELECTROSTOOM N. V. 


POSTBUS 301 — ROTTERDAM — TEL, 180200 
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GEWEVEN GAAS 


van de grofste tot de fiinste maaswijdtes; 
uit alle weefbare metalen en legeringen 


Ook uit kunststoffen als: 


nylon, polyethylene en». N.V. MACHINEFABRIEK EN IJZERGIETERIJ 
N.V. METAALDRAADWEVERI) „HOLLAND - BERGEN OP ZOOM” 
DINXPERLO 


DE VRIES ROBBE & CO N.V. 


GORINCHEM 


staalconstructies 


' we 


Hannover 


RATEN wre ee = 


stet für HTL Magnetic Diss SIE Magneke Tapes 


Aus EBENDA TREE Ks ereesm 


SCHACHTUITRUSTINGEN 
SCHACHTKOOIEN 


L A WAGENOMLOPEN 
LOSVLOEREN 

MIJNWAGENS 

CUVELAGES 


VOSSEN - HAANRAÄADE spoorRSTRAAT 30 - TEL. Ohkbhh-5h1 


MINLOCOMOoOTIEveNn % Luchtcompressors 


Naamloze W.A. HOEK’s Postbus 78 
Vennootschap MACHINE- EN ZUURSTOFFABRIEK SCHIEDAM 


6067 


* 


250007 CEOLES- 
kranen in bedrijf, 
waarvan 400 
in Nederland! 


mobiele kranen 
railkranen 


autokranen 


tot 50 ton 
hefvermogen 


Veen 


VAN KRANENBURG 
ROTTERDAM 


997 ah Be POSTBUS 854 ® TEL. 010 - 120077 


JAARBEURS - UTRECHT 5 t/m 14 april 1960 - terrein Croeselaan, vak V No. 552—581 


voor Geologie en Mintow 
alle 


jaargan gen 


leveren 


wi 


VERZAMELBANDEN 


uitgevoerd in grijs natuurlinnen, geschikt 
voor 12 afleveringen, voorzien van rug- en 
plattitel. Een bijzondere mechaniek maakt 
het mogelijk de losse nummers op eenvou- 


dige wijze zelf in deze band te bevestigen 


Prijs £ 3.75 per stuk 


(exclusief verzendkosten) 


Bestellingen te richten aan: 


ADMINISTRATIE „GEOLOGIE EN MIJNBOUW” 
Hofwijckstraat 9 ’s-Gravenhage _telef. 070-111875 


erdııca boorwerktuigen 


voor het onderzoek van 

alluviale erts-afzettingen 

voor bauxiet-exploratie 

voor boringen naar water 

voor fundatie-boringen door losse deklagen . 


GEOLOGENBOOR 


een stel hand-boorgereedschap in houten kist, 


= BANKA 


de wereldbekende draagbare Plattorm-boor. 


= MECA-BANKA 


de volledig gemechaniseerde Banka-boor. 


” 


= PP (POWER PIONEER) 


de lichte semi-gemechaniseerde prospectie-boor., 


DD-00 


de kleine kabelboormachine voor 
boringen tot 150 meter diepte. 


| = SOLITE 


de extra-lichte ”rotary’’ boor. 


Vraag onze catalogi. 


a 
nad tohk) 
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HAARLEM HOLLAND Een halve eeuw 


 POSTBUS 134 ervaring! 


The wide range of Craelius Bits gives the 
possibility of selecting the most suitable type 
and quality for any particular drilling problem 


SVENSKA DIAMANTBERGBORRNINGS AB 


DRUKKER & Zn. N.V. 


RINGDUK 2 — AMSTERDAM - PHONE 50369 - 53068 


DIAMONDS / 


